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IRST CAME the conquest of the ater 

Now another great revolution is upon 

us. Like the atom, the new biology ex- 
plored in this issue offers incredible promise 
—ind perhaps an equal measure of peril, 

Itis not a simple subject. [In fact, no article 
we have ever published has been more diffi- 
cult, either in the amount of effort and skill 
that went into its preparation, or in the per- 
severance readers must bring to it if they are 
to understand this complex new face of sci- 
ence. You will find the effort worthwhile 
What could be more important to us as 
human beings than a glimpse of the inner 
workings of life ttself? 

Bat therein, a5 Shakespeare observed, lies 
the rub. For in reporting such mind-shaking 
scientific theorming, we must also report the 
consensus of the world's astronomers and 
geolowists that our universe developed slowly 
during billions of years, and that of the brole- 
wists that life, too, developed in a slow but 
prand design over the enns. 

A significant number of readers will find 
ntither of these explanations acceptable. The 
majestic words of Genesis continue to pro- 
vide for many of us a satisfactory answer 
(which science still cannot give) to those deep- 
est of all mysteries: Who are we? Where are 
we? How cid it all begin? “1 cannot believe,” 
wrote Albert Einstein, “that God plays dice 
with the worl” Thus others among us see, 
hehind every revelation of science, the guil- 
ing hand of a higher power. 

In reporting the headlong pace of biology, 
geology, and astronomy, we follow the same 
precepts that lec us to cover Kansas City and 
Siberia, ecology and pollution, remotest Afri- 
ca and downtown Toronto, Gur mission, the 
increase and diffusion of geographic knowl- 
eclve, bicis- ue bold up a mirror to the world, 
so that the magazine's pages will reflect the 
earth and the universe around us as clearly 
as we are capable of perceiving it. But all of 
us, as indivicuals, must accept or reject other 
peoples’ interpretations as they accord with 
or disagree with our deeply held political, 
religious, and cultural values. 

I like to. think that this cherished combi- 
nution—access to knowledge, presented 
factually and fairly, and the freedom to arrive 
at our own conclusions—ts what makes Na- 
TIONAL GEOGRAPHIC readers among the best- 
informed! ig ot the oe 
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India Struggles to Save 
Her Wildlife a0 


Mow of as are familiar with the threat to Africa's 
wild creatures, bul india's stand in even 

greater peril A team headed by Jola d, Putman 
ond Stanley Breeden tpent more than a year 
assembling this disturbing repurt. 


Who Are Earth's Richest People? 344 
For the moment, that fonor belongs to the citizens 
of a Pacific islet called Nauru. Mike Holmes 

finds most Nauruans basking in today's affluence 
while their officials worry about fomorrow—the day 
the phosphate runs out. 


THE NEW BIOLOGY 

i-Awesome Worlds Within 

a Cell 455 

Mysteries fade away only to reveal greater mysteries 
an schentistn strive to solve the riddles of life. 

Rick Gore and Aruce Dale help ws glimpse this still- 
haffing aniverse of tiny worlds that all of wa 

carry within ourselves, Paintings by Davis Meltzer. 


ti-The Cancer Puzzle 306 

In hiv quest for clues to cancer Causes, biochepisy 
Robert PF. Weaver studies one of life's most 
primitive forma—the slime nvold. 


ii—Seven Giants Who 

Led the Way 4o1 

Today's insights are firmly grounded in the work 
ofa Aondful of pioneering biologists. Pamtings 
by Ned Seidier, 


California’s Surprising 

Inland Delta yoo 

Dikes bespeak the Netherlands, fieldy af scarlet 
pomadaras hint of [taly, Add Chinese villagers, 
soll that buras or blows away, and cargo ships 
steaming dato the heart of California. Judith anid 
Neil Moreon find one surprise after another in 
thix often-overlooked crassrouds of he Golden 
Srate. Photographs by Charles O'Rear. 


COVER: Unknown te science wetil 907, the rare 
volden daneor typifies India's rich but teeatened 
wildlife (foldour, pages 707-709), Photograph 

by Stanley Areeden. 
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Save Her Wildlife 


By JOHN J. PUTMAN 
Photographs by STANLEY BREEDEN, RAJESH BEDI, 
and BELINDA WRIGHT 


"The teres... dad arrived in Aumoaon as a 
full-fledged man-eater, from Nepal, whence 
the had been derven owt by a bedy of armed 
Nepalese after she had killed too hundred 
ituman beings, and during the four years she 
had been operattng in Awmaon had added 
two hundred and thirty-four... This is how 
matters stood...) would start for Champbawat 
immediately on receipt of news of the next 


Auman Rill.” OH. JIM. CURLEY EM 


“ALAN SLATIORS OP RUMEN,” Igy 


7? ASHMIR, LATE SEPTEMBER, The 
® nights were cold now, and there had 


been snow at 13,000 feet The Gujars, 
tribal nomads, were coming down from the 
high pastures. The men walked, driving their 
sheep: women, children, tents, and cooking 
pots rode on belled ponies; the aged and dy- 
ing were carried on litters: At the sound of 
the pony bells, the hill farmers would pause 
in their harvest to watch the caravans pass, 
harbingers of winter. 

Verv early in the morning in the valley be- 
law, vou could watch the geese and ducks— 
preylags, pintuils, mallards—come in from 
(China to the north. Dark clouels of bircis, they 


passed low with the whisper of hundreds of 
beating wings to settle on Dal Lake. 

While I was at Dachigam Wild Life Sanc- 
titary, northeast of Srinagar imap, page 309), 
the last of the Kashmir stags,or hanguls, were 
coming down to the lower slopes. The velvet 
was off their antlers, and they called and 
challenged, Now and then came an answer- 
ing Dugle. Soon the stronger males would 
drive off their rivals, collect their harems, and 
breed. Not long after, they would go their sep- 
arate wavs. The fawns would be born in May 

The rhythms of nature are sharply per- 
ceived in India. Nature is its calendar—the 
coming of winter, the drv season, the mon- 
soon. The precise vear, the century seem less 
Important Sometimes, camped in the hills, it 
is possible to imagine that the years have 
passed India by—that the Hindu gods still 
ride their favorite mounts, the swan, the kite, 
the bull; that Mogul emperors still ride forth 
with hooded hunting cheetahs selected from 
a stable of bomndrerls; that forests and hills 
still teem with such game that a British colo- 
nial, jaded with shooting, might turn to hunt- 
ing with matched bulklogs and a knife; that 
the redoubtable Jim Corbett still putters 


Reaping the roval bounty, a maharani takes aim at a tiger in wm |8th-century hunt. 
Two hundred vear= lwter, much of India’s wildlife—anone the world’s most varied— 
faces extinction. Recently the vovernment hastaken steps to protect tts endangered 
species within some 130 sanctuaries, Bota bigeger problem looms: Six hundred milion 
people demand room for living Can they and India's wild creatures survive side by side? 
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“Tigers steal 
beneath the 
brake 





Glare of a big é¢at in Ruan 
le Pe Teattl Pork Cc thier the 
Wore. rt the Kamayana, Pa 


bid 


2 000-vecr-lel Trecliary eq 
Tewlay Dnelia's tiger population 
hat veined to an estimated 
2000, A government program 
Called Proyect Tiger fights 

to save them, with rine 
MNCS Wesirned to allow 
apple habitat sund prey 


i 


around his cottage at Kalaclhungi, awaiting 
word of the next kill by a man-eating tiger. 

ht these are imagminegs. The vears have 
not passed India by, but ravaced her. The 
preat forests have shrunk under the ax and 
the plow, and shrunk again; the vast hercis, 
[O.000 strane. and herd after herd, have di- 
minisherl te small packets; the precators Have 
become the hunted. The Indian cheetah is 
now extinel, the tiger gravely endangered; 
even the bitcs have dwindled in both num- 
bers and spectes 

Sc erent has been the slawehter of animals, 
so crntrenched the pattern of destruction of 
habitat, that many came to bebeve that In: 
din's treasure of wildlife was deomed. Nat 
until the early 1970's cid the central and state 
rovernments of India jom in the first firm 
steps to rescue ber wildlife. It was very late, 
but the strogele had berun 

Dunne four months in india | visited al- 
most every comer of the subcontinent and 
tolked with scores of persons concerned! with 





its wildiite. | wanted to learn what SLepns Were 
now being taken to preserve the animals that 
remain and what the chances were of success, 

The cost of failure would be great, for 
India has a remarkable variety of wildlife: 
some S00 dierent mammals, 1,200 species of 
birds, more than 30,000 species of insects, as 
well a5 many kimeds of fish, amphibians, and 
reptiles. Some—such as the blackbuck, the 
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Crackdown on 
the poachers 


Uleral hoard of BY skins was 
seized by officials (abowe) in 
raid.on a poacher’s den in New 
Delhi. Bach ter or leone 
pelt could have brought the 
lawbreaker 31,000) Orv cit this 
mol waa muuenificent 
leopard (leit}—roams free in 
the 125 square miles of Tiger 
Haven (imap, page 50) 


India Sirugeles to Save Her Wilalite 
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Nilviri tahr, the golden Jangur, the lion-tailed 
macaque, the pygmy hog—are unique to the 
subcontinent (pages 307-309) 

This unusual assemblage of animals beran 
long ago, when India was a separate land- 
mass drifting northward toward Asia After 
the continents met, India’s indigenous ani- 
ras were joined by migrants moving cast 
from Europe and Africa, south from central 
Asia, and west from China 

It became a land that offered a rich variety 
of habitats: the great sweep of the Himalayas 
to the north, mangrove swamps along the 
eastern coast, desert to the west, deciduous 
forests in the central plateau, reed jungles in 
the vallevs.of the Ganges and Brahmaputra 


S EARLY AS 2000 B.C. Hindu sages be- 
gan to classify this bownty of wildlife, 
BR noting the “ovum or seecl,” the habitat, 
the food preferences of hunilreds of species. 
A notion of conservation was introduced in 
the Hindw precept of aonsa, nonviolence to 
any living creature. In the fifth century 8.c., 
Buddha, sitting under a pipal tree in what is 
now the State of Bihar, taught his disciples 
that a man's mind must embrace all living 
things “as a mother cares for her son, her 
only san. 

Not long after, the Emperor Ashoka issuer 
his Fifth Pillar Edict, perhaps the first con- 
servation law in history. It decreed that wntr- 
mile such as “bats, monkevs, rhinocercses, 
porcupines, and tree squirrels” were to be 
strictly preserved ancl that “forests must not 
be burned, either for mischief or to destroy 
living creatures.” 

And while Mogul emperors of the 16th and 
l7th centuries won renown as hunters (one 
arranged & month-long hunt with 50,000 beat- 
ers}, they were also keen naturalists, The Em- 
peror Jehangir filled notebook after notebook, 
with observations: bow, unlike the birth otf 
most humans, “young elephants are born with 
their feet first”; how the clever pied-crested 
cuckoo deposits its eczs in the nests of bab 
blers, to be cared for by the hatter, 

These traditions—the Hindy reverence for 
living things and the Mogul ideal of the 
sportsman-naturalist—would reemerge to 
spur India’s present conservation effort 

With the comme of the British raj, colonial 
sportsmen found a Garden of Eden: *... wild 
pig, POrcUpiNe, (Continued on page 310) 
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TWILIGHT VIGIL: Painted storks euard nests 
ind treetop of Keoliden (ohana Bird 
Sanctuary. From July through September, 
monsoon torrents cover these lowlands 


with on elecen-squire-mile lake, creating 
a nesting place for HNN) brireds. 
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MARKHOR Some 250 of these GREAT INDIAN RHINOCEROS. WHITE WINGED WOOD DUCK These HIMALATAN TAHA The wild SHOW LEOPARD The demand LADAKH WRIAL They aurvive 
élosive wild goats hold out in Digplaced by agriculture and beset waterfowl! have bean Gttle studind goats are thinly scattered for fur coats has all but wiped la scattered herds along the 
India’s Himaiayan foothills. by poachers, only 900 remain. dus to their secluded junghs habitat. betwen Kashar and Bhutan. out thase beagtiful cate in [ndla. upper Indus in the Himalayas, 





WION-TAILED MACAQUE Fitted and GAVLAL Once inhabited the many INDIAN WILD ASS Human disturbance GAUR These ungulates howe BSROW'-ANTLERED DEER Fewer WESTERN TRAGOPAN A 
tufted, the 500 remaining monkeys rivers af northern india. but hawe and disease have reduced them to 720, eufterad from huntert. farmers, and than 25 remain in ciareblands type of pheasant found only 
exist only in tiny dete of territory beer gravely depleted by hunters. mostly in the Little Rann of Kuch. the diseases of domentic cottin. en the State of Manipur. Inthe Western Himalayas. 
ai ae ; 
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SWAMP DEER IBARASINGHA| ASLATIC ELEPHANT Once roamed KASHMIR STAG (HANGUL) GOLDEN LANGUA Unknown ta MUSK DEER Protected since i972, 
About 3,000 live im incited almost all the forested courttryslds Probably fawer than 25:0 infabit winter wisitors to much of the Ganges, they science until 07, thoy exist in one many are-still shot by poachers 
marshes and open woodland. About 7.000 are crow left in the welled forests around the Wate of Kashmir. are how seen only in Keoladeo Ghans. omall pocket on the Bhutan border. for the valuable mask gland. 
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ASIATIC BUFFALO Fewer BLACK BUCK Those antelopes INDIAN THGER Grand priv of MILGIRI TAHR Some l,G00 cling BREAT INDLAN ALSTARD PYGMY HOG Thay remain 
than 2.000 remain in jungles are merely sprinted throughout Indian hunters, the qreat cit te precipitous cliffs inthe Scattered through open enly in belts of marghy graseland in 


and riverine marshes their original range today. has dwindled to about 2,000. Western Ghats, ther only home, grassland of western India Assam and the Himalayan foothiles, 
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KERAL, 


Original range as known 
Present concentrations 


Thinly distributed 
remnant populations 


ASLATIC LION Most of thar kingdom 
hats bon taken over by habrtation and 
Erops, They survive oly in the Gir Forest. 
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Natural vegetation 
OO) ALPINE AND HIGH STEPPE 
GS MOIST MOUNTAINOLIS 
OP MOIST TROPICAL 

DRY TROPICAL 
8 DESERT 


Man's encroachment | 
= CULTIVATED OR ARABLE 
= WASTELAND AND SCRUB. 
® WILDLIFE SANCTUARY 


India’s wildlife vanishes 
as man alters the land 


Compassion for all living things has-been a tenet of Hinduism 
for 4,000 vears. Even the princely nuilers, who collectively shot 
vame by the millions, were often conservationists. But, since 
independence in 1047, a darker story has been wotten for Tnelia’s 
wildlife, Uncontrolled killing has prevailed in mony aress. Ever- 
incteasing pressure for land by an ever-incressing population 
threatens the living space of the nation’s hundreds of species 
of mammals and |.200 species of birds. 

But the battle lines have been drawn to try to save other 
animals from the fate of the Encian cheetah. The last of its kind 
ws thot in 1348. 


PAINTINGS BY NED SEIDLER 404 


(Continued from page 303) wild fowl, game 
fowl, and other animals, dear to the sports- 
min, are to be met with in incredible num- 
bers.” Englishman and raja blasted away. 
There seemed no end to the game. Tt was 
still so within the memory of living men. 
Dr. Salim Ali, §0,asmall Gandhi-hke figure 
and India's most renowned ornithologist, re- 
members: “Forty or fifty years ago, when you 
traveled by train from Bombay to Ahmada- 
bacl, there was hardly a time after vou Jeft the 
settled areas that vou didn't see herds of black- 
buck. At that time we all shot; in a morning 
you could easily bag three or four blackbucks. 
“And every hunter with anv ambition 
wanted a tiger. Some shot five, ten, thirty. I 
remember once, about 1953, when I was do- 
ing some felciwork in Madhya Pradesh, I met 
the Maharaja of Sureuja. He was an old man 
with palsy and braced his rife on a stick. 
“lam very happy today,” he told me, 
“Why? I asked. 
*"Because today | have shot my 1,100th 
tiger! 
“He ended up with 1,157.” 


WHE CRACK of the great smoothbores 
during the days of the raj significantly 
reduced Incia's wildlife, but the maha- 

rijas protected game in their preserves, while 
British civil servants preventecl wholesale 
Slaughter in the forests. 

Disaster came with independence in 1947, 

Exultant Indians rejected the old shooting 
regulations along with colonialism, They be- 
an to shoot wildlife everywhere, on private 
estates, in sanctuaries, in forest and field. The 
slaughter was increased when the govern- 
ment, facing food shortages, cistributed crop- 
protection guns to farmers, dooming those 
animils that lived near cultivated fields, The 
availability of jeeps led to motorized hunt- 
ing at might, when hunters fired away at any 
animal eves reflected in the beam of their 
searchlignts. In time the government made 
agricultural posens readily available, and 
farmers learned they could poison not only 


insects but also the big cats that raided their 
farms at night. 

Hari Dang, ecologist and educator, recalls: 
“Postwar exploitation—open season on all 
resources! Shoot everything, burn what's leit, 
destroy the rest, [t was our disaster period. 
You had the same thing in the American West 
—in the 1800's everybody started shooting, 
and the great herds were destroyed.” 

Dharmakumarsinhyji, 59, of the Princely 
House of Bhaunagar, remembers how “war 
broke out against the animals. Before the re- 
duction was felt, it was too late It can never 
again be like it was in the past.” 

At the same time, thanks to improved 
health care, India’s population began an ex- 
traordinary climb. Whereas it grew by only 
eighty million from the turn of the century to 
1941, the population ballooned by 280 million 
from that year to today's 600 million. 

Kach new mouth cried for food, each new 
body needed a piece of earth to sleep on, each 
cook pot required firewood Between 19(%) 
und tolay, perhaps half of India’s forests, 
home for much of its wildlife, vanished. Most 
was converted to cropland. 

Into the remaining forests poured millions 
of domestic livestock, searching for grazing. 
Protected from slaughter by Hindu belief and 
tradition, India’s cattle numbered 200 million, 
most undernourished, many diseased. 

For India’s wildlife the struggle for survival 
became a competition with human beings and 
their livestock for the verv basics of life— 
food, shelter, space. 

It is not surprising that the government of 
India dic not recognize the problem and act 
to remecty tt. Independence had been preced- 
ed by half a- century of political strugele and 
by World War I; it had been accompanied 
by partition, gigantic exchanges of popula- 
tions, massacres: it was succeeded by severe 
economic and social problems, four wars, po- 
litical uncertainty. 

But a handful of people did keep alive In- 
tlia's traditional concern for her animals. M. 
D. Chaturvedi,a (Continued on page 314) 





Apothecary of Asia, the great Indian rhinoceros is still desired by Chinese who 
believe the animal's horn possesses medicinal powers. In times past the creatures 
roamed the entire Ganges Basin; then they were slaughtered until only a few 
dozen individuals remained. ‘Today about 70) are safeguarded in Kaziranga 
National Park. Jungle opynas rid the animals of insects and warn of intruders. 
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but a 
lucky few 
still roam 
free 


Wild elephants graze in 
Corbett National Park below 
the Siwaltkh Ranger. Though 


tuch herds have diwitdledl 


their chances for survival ort 


promising, Workin drirrial: 
must .come trom wall stock 
since elenhants are selon 

bredin cuptivity, bul recent 
mecnamzahion hak reviucert 


the demand for new captives 
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India's last great forests. Swamp deer and 
bisonlike gaur graze unaltrasl in ils meacows 
Kanha i¢, by comensus, among [ndia’s [est 
managed parks 

The first morning out on elephant back, | 
Saw of teer—a handsome female with four 
cubs She let us approach fairly close, then 
vunisherd into a bamboo tur Throweh tbe 


cones | glimpsed a bright rec flash, the partly 


eaten haunch of a fresh kill 

Kanha's tiger population has risen trom 3] 
lo 45 in the past few vears, ALS, Panwar, 
hele director for Project Tiger at the park, 
explained why: “The basi problems were 
first to stop the disturbance caused by logging 
lagers ariel 
huahitai—al how 


operations incl to move out the v 
cattle. Then to venue tits 
the grass to grow back, protect tt from fire, 
build dams and water Mis i for the animals 
and, of course, stop shooting of anv Kit 
Project Tiger. funds help achieve these 
ronls, paving for stall ackitions, roads and 
dams, and the cost of moving out villages 
The state provides dand for resettlement 


Progress, Mir. Punwuar aid, had been swift. 
“The environment responds quickly, and once 
the forestry operations have ceased and the 
willages have bevn shifted, the animals bose 
their fear.” When an additional filly. square 
miles was recently added to the park, ae tiger 
population there rose from five to ¢ight 

Behind Kanha's success: lie hidden inere- 
cients: wstate government and political leacl- 
ers attuned to the benefits of conservation, 
relitively low population pressure, and the 
wor and ciplomatic abilities of bath Mr 
Panwar and his predecessor 

Mr, Panwar had teen “only a 
ten years. Once he had been posted here. As 
be roarned the park's sal forests 
something hoopened: “Thereafter my in- 
kept coming back here—to the ane 
Sow be's content saferuprcding them. 


forester [or 


terest 
mals.” 

Une €vening as wet 
the guesthouse, | asked him about tigers: | 
hal in mund the late Captain Forsvth's fero- 
cous portrayal of the benst 
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“to observe the courtship and mating of the 
tivress you saw. She ancl a male livecl togeth- 
er, day and nicht, for a week. There were 
Various (isplaye: The female gave her mating 
roar and spraved, the male answered in kind. 

“It's quite a rough affair, their mating. One 
day I came on a kill site anc followed the 
dravline to where the two were. He sniffed 
her, got excited, gave o mating call, and be- 
gan to circle her. After some play, they mated 
Afterward, they disappeared. 

“Then | heard the mating call again and 
the sound of a big scuffle. When I saw them 
later, their coats were marked by bites ini 
cuts. They kept together for some time, then 
went their own wavs 

“The gestation period for a tiger i 95 to 
110 days. The newborn are just slightly big- 
ver than dog ptippies, ancl usually tumber 
four or five, although the average survival 
rale 6 oniv about bwo. The treress rears them 


by herself, first bringing food to the den. In 
lime she will take the cubs out for direct feect 
ing on a kill 

“Within the first few months they begin 


their uncderstudies al hurting, sometimes 
they play o hide-and-seek gume with their 
mother. As she conceals herself in the erass, 
the cubs come searching She raises her tail, 
flicks it, then suddenly shilts it, and they 
learn to pounce and grab. Later the cubs join 
the mother in the hunt. Sometimes they fal, 

“The traming goes on for one and a halt to 
two years, until the cubs leave the mother 
She then may mate again The cubs often 
slay together fora time; they are too inexpert- 
enced to establish themselves alone, By three 
yveors they ore off on their own anel start to 
establish them territortes.” 

Mr- Panwar believes that the survival of 
the tiger is assured: “There is no question of 
them bemng wiped out in preserves like this: 
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Lhe question concems those outside the na 
lional parks and sanctuaries 

National Park 
tween the Brabmaputra River and the Mokir 
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FANHA AND KRAZITRANGA are two 


Le inthas success stories, but not 
_F EVEIY reserve Dae Shere exyuicild I! 


the money and attention of success tn resoly- 
Ing long-stunding problem 

Perivar Wile Life Sanctuary, Stuatec! in the 
bill« of the southern State of Kerala, 
LAS esl popular lourisl atiractions. Per 


haps 100.000 visitors a veur come to bike om 
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Fleeting 
freedom 


Shido wed on o scarp, elusive 
Wilgiri tahirs, or wild goats, 
range the high coyntry of 
quithwestern [ndia, Alack- 
bucks (below)—hunted for meal 
and prited for their spiral home 
—are now scarce. These animals, 
protected in Velowudar Samet 
breloom) tio i wereld of 2.500 
perhaps the larerst in Inelin. 








boat ride around its man-made lake and view 
the animals on the shore 

Among them is one gravely endangered 
species: the lion-tailed macaque (page 443), 
These unobtrusive monkeys once thrived im 
the Western Ghats, but catchers snared them 
for the pet trade and their forest homes vield- 
eql to farms and tea ad black-pepper planta- 
tions. Lion-tails probably number fewer than 
S00; perhaps twenty live in Pertvar. 

No detailed census has been attemptect. 
“There is atack of devotecl personnel, a lack 
of the scientific feeling. We simply cannot 
take an accurate count,” one officer told me. 

Last year about 300 gaur (page 308) ced 
in the park of an epidemic of rmderpest, a 
viral disease probably transmitted by sick 
cattle passing through. The herd dwindled to 
ahout a hundred beasts, althoweh it has now 
begun to increase 

When the park advertised for a fence to 
keep out domestic livestock, no one hid. The 
state government rates were too low. ‘The 
state 1s currently dimting a trench around 
Perivar to thwart the cattle 

Poaching and illegal logging continue 
Wild pig, sambar deer, and teak bring good 
money, Men are posted down the lake, but 
they lack racdias and motors for their boats 
“Are they to approwch a beavily armed 
party?” one officer sard. “This very dangerous 
If they close their eves or run away, who can 
blame them?" 


1OR THE INDIAN WILD ASS, still 
‘another gravely endangered species, 
major problems include poaching, dis 
ease, and the human taste for salt 

The wild ass is & hancsome beast—tawny 
on top, white underneath, with a dark stripe 
running along its spine. Dhannakumarsinhyi, 
when voung, had seen them “in the thou- 
sands.” ‘Today they number perhaps 720 
Most of thern live in the salt-rich Littl Rann 
of Kutch. a scrubby wasteland in western 
Indian (pages 440-41). 

Dunne the monsoon, from June to October, 
the Little Rainn floods into a broad lake and 
the wild asses take refuge on the bets, island- 
like bits of higher ground. In the dry season, 
when the Rann becomes a parched desert, 
Lies travel to its eclyvs to browse. 

In 1974 a sanctuary was established for 
them. It includes (Continied on page 328) 
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. MORNING | went bir hing 
writ a Dor. Saiom Ab in the Borivi Nit 
anal Park outside Bombay. We drove 
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the catching of birds for their feathers or the 
pet trade, have substantially reduced Incia's 
flocks. The pink-headed duck exists only in 
the memory of men; the forest-lwelling white- 
winged wood duck is now rately seen, its 
numbers unknown. Only a hunch by Dr 
silim Ali ied the Bombay Natural History 
soctety to circularize for information on 
Jerdon’s courser, a small ground-living bird, 
not sighted in 76 years. There was no response. 

But even when a species is known to be 
slipping into extinction, help.is often slow to 
come, The great Indian bustard, three feet tall 
and weighing as much as forty pounds, is 
such a creature (page 337), 

T found the rare bird some distance from 
Bikaner, in the desert area of west Rajasthan 
Villagers described its habits: “In the morning 
it looks for food: at noon it goes and sits in the 
shade. It never sits on @ tree. At night it 
simply folds its mock. back over its back. 

“The females give one or two three-inch 
eges, generally one. The birds remain here 
throughout the year. The meat is good, espe- 
aially in summer,” 

The bustard eats dung beetles and lizuredls, 
bul principally the leaves and flowers of the 
Rerad bush. During the davs | observed them, 
solitary males strollecl the meadow—some- 
times only a headland neck moving above the 
wrass like a periscope. They moved heavily, 
seemingly pompously, like Colonel Blimps 
strolling with some cistaste down Piccadilly. 

so slow are the birds that they can easily 
be shot with muzzle-lourcers, or even killed at 
takeolt by hurling a large stick at them 
Poachers often approach on camels or in 
jeeps, nothing seems to frighten the bustard. 

Protection is marginal. The local forest 
guard's first responsibility is to protect a 
tenced-off arra so that some grass con remain 
when the drought comes and ‘all other grass 
dies or has been eaten. 

One: local man said he bad in previous 
years seen ss many us thirty bustareds, this 
year only six or so. I had been fortunate, he 
sai, bo see mime, 

That night as the Bikaner Express rumbled 
toward New Delin, | pondered what | had 
ster. Clearly, there had been gains, but losses 
continued in many areas. What were the 
chances of the government holding its forests, 
providing more and better-trained staff, 
above all checking the population growth? 


ASO 


“What of thee | dig owt, let that quickly 
grow ever, 
Let me not hit try vilals, or thy heart.” 


—VENIC ASS TO) BATH, Jone fe 


NDIA'S FORESTS, 95 percent in state 
hands, are still dwindling. The most re- 
cent survey shows an annual loss of 2 

percent, $82,000 acres. This diminishment is 
expected to continue for some time. 

“The loss now,” explained Inspector Gen- 
etal of Forests 5. K. Seth, “ts to the construc- 
tion of dams tak: Industrial complexes. These 
must be located in forests, because that is 
where the streams are.” 

Thus 18 square miles of the best grazing 
land in Corbett National Park was sub- 
mérged by the waters of the Rameanes Dam, 
Causing an artificial concentration of animals 
that could be harmful. 

Mr. Seth believes, as power requirements 
are met and the consciousness of the wildlife 
problem grows, such projects will taper off. 

But India’s conservationists see another 
threat: While forests continue to shrink, 
demand for wood products soars, 

Last year India produced 13 million cubic 
yartls of industrial wood; by the year 2000, 
demand is expected to reach 65 million cubic 
yards: As forests cannot be expanded, Mr. 
Seth said, the only method of meeting de- 
mand is to turn to intensive forest practices— 
cutting millions of acres of old mixed forests 
and replacing them with plantations of quick- 
Crow Species: 

Conservationists protest that wilrllife 
requires the old mixed forests with their 
variety of shelter and food, and that the new 
forests—teak, eucalyptus, and pine—provide 
poor habitat. “Eucalyptus is the worst,” one 
told me. “Even the birds will not come to 
those tres; they hold no berries,” 

Mr. Seth disagrees. Time will tell, 

To inquire about India's progress in slow- 
ing its birthrate, I called] on Dr. Karan Singh, 
Minister of Health and Farnily Planning. A 
hancisame, bustling man, be ts the former 
Prince of Jammu and Kashmir, a poet and 
Sanskrit scholar, and has served in varied 
state and central government pasts. 

“Our population,” he said while ringing for 
tea, “is just over 600 million. Our increase is 
13 million a year, which is nearly the popu- 
lation of Australia. We are determined to 
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overcome this problem, and have alneady 
made progress. The birthrate has dropped 
some: 11 percent since 1956. Of course mathe. 
matics will show that, despite the drop in the 
rate of increase, our population will continue 
to grow for many years.” 


.WE INDIAN SCIENTIST, projecting 
() the rate of decline, foresees that Incha 
FP ewill achieve zero population growth 
by the year 2081. But her population will 
then be 1.6 billion, almost triple that of today. 
An awareness of these numbers has shaped 
the policy of the Indian Board for Wild Life. 
lts chairman? The same Dr, Karan Singh. He 
paused to pour the tea. 

“Our stratecy,” he said, “is to concentrate 
our efforts an national parks und sanctuaries, 
to try to keep secure certain islands of forest 
that harbor wildlife.” Little hope is held for 
animals outside these islands 

Dr. Singh was proud of the board's achieve- 
ments: the 1972 Wild Life Protection Act, the 
Increase in the number of sanctuaries to some 
150, the efforts to spread wildlife eclucation in 
schools, the export controls, “Perhaps our 
greatest failure is in our inability to have our 
aclministrative decisions and mules carrer out 
on the ground. We are an advisory body, 
without executive powers, We know exactly 
what is to be done,” he saic. “The problem is, 
the doing of it!” 

“The doing of it! —Inelia's antipoaching 
and export laws, enforced in some areas, have 
slowed the sales of tiger, leopard, and croco- 
dile skins. But the killing of certain animals i 
so widespread, and the tradition so deep, that 
much continues. What ts one to do about cer- 
tain tribesmen in the Punjab, so short of food 
they have begun to kill not only wild boars 
but even jackals? Or the Baverias, who roam 
the scrublands and forests of Rajasthan with 
Seek hunting dogs leashed with strips of 
cloth? By tradition they have lived on the 
small game their dogs catch, and by snaring 
reptiles and performing as snake charmers. 
Or the Fasturnwale—the musk men? 

| met the kasturiwale ina vacant lot in a 
New Delhi suburb, only « few miles from 
where I hac talked with Karan Singh. Their 
tents were neatly alitned and immaculate, 
The men, with gold earrings and necklaces, 
were packing their bags for a day's selling. 

Thev collect mechicines in the Flimalavan 
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foothilis Most prized is musk, a secretion 
from a walnut-size gland found under the 
belly of the adult male musk deer. It is be- 
leved the male uses the secretions to attract 
the female, for the gland functions only dur- 
ing the month-long rutting season, The poack- 
er must strike then (page 351). 

He kills the animal, cuts off the gland, dries 
it on a Warm stone, and sells it te the kasturi- 
wale, who carry it to the citv. They sell most 
to ayurvedic (traditional) pharmacies as on 
ingredient for perfumes anc medicines. But 
they also offer the furry, fragrant pods to 
individual buyers, and mix the musk in their 
own potions: Their tonic for male sex trou- 
bles, for instance, includes bitumen, amber, a 
boiled whole lizard, orchid tubers called “ice 
of a stone,” und Aasteri—musk. 

They sated business was increasing. “Maod- 
em medicine is too strong, hard on the sys- 
tem Chronic patients—those with gout, 
general chsability, nervous-system diseases— 
preter our medicine especially.” Each carried 
a thick book of endorsements, complete with 
photographs. 

L met them again that evening. “It was a 
mood day. In the north of the city we sold toa 
policeman some general tonic and some saf- 
fron.” They would remain in New Delhi per- 
haps a month, depending on business, and 
planned to return next vear. The trade is 
egal, the musk deer endangered 


“You ride the elephant, and the elephant 


lumbers 
Near the banks of the Champa River: 
Tell me the trath, O my darling mahiout, 
Where do vou shay and where is your 
shelter?” 
—A MAHOUT SING, ARAM, 1aTh 


FrIPLING WROTE of the elephant 
catchers in The Jungle Book: “What 


: Little Toomai liked was to scramble 
up. bridle-paths that only an elephant could 
take... the glimpses of the wild elephants 
browsing miles away. ..the blinding warm 
rains, when all the hills and valleys smoked: 
the beautiful misty mormmings when nobody 
knew where they would camp that night.” 

The elephant catchers of Assam still pur- 
sue the wild herds, capturing some three hun- 
dred each year. Most are sold to traders from 


the State of KHihar who sell them in turn at the 
arent anital tairs, the SONEBUT, MINES wilt 
und Rharari meis, As elephants selriom an 
nermitted to breed in captivity, the wild herds 
it almost the only sour 
[ joined the catchers in the hills of Assam 
if Dabakna ei perl. 4 luster of tents. Flall @ cloz- 
en recently captured elephant: were staked 
fore and aft with ropes to huge pegs. The 
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quarry was found, the master would sit on 
the koonkie’s neck, give the commands, hurl 
the great lasso. His assistant, clutching a rope, 
would stand on the koonkie's rump, jabbing 
it with a long metal-tipped spear to urge iL on. 
Within afew davs we wert deep into the hills, 
feeling both the hard raised spine anc sooth- 
ing gait of our mounts. 

We slept under canvas, with leaves for 
mattresses and fires at each end of the tents 
to keep away wild animals. Each day we 
drank tea and were on our koonkies by dawn: 

Sometimes there were green clouds of 
parakeets in the mornings, and at dusk 
swarms of bats. Now and then we beard the 
jabber of monkeys, perhaps warning of tigers. 

Three times we came on wild elephants, 
three times we faved to catch. Our only hope 
was 10 find vouwng or female elephants some- 
what aparl Instead, each time a great tusker 
saw us and challenged. We stood no chance 
against such wild males; they would have 
killed the strongest of our male koonkies. 

We pushed on and on. (Mten the mahouts 
sang. In one song.a girl protests that the love 
between a boy and a girl can provide us much 
satisfaction ws the feeling that comes from 
controllmg a great elephant. In another song 
a poct cautions that life is full of troubles like 
the dark night sky, and that happiness comes 
only like lightning. briefly, for half a second, 
And that amount of happiness, the poet says, 
is sufficient. 

On the eighth morning we found more 
signs: Mashed grass, dung, a wallow where 
the elephants had played. On and on, But we 
never caught up, “The elephant keeps mov- 
ing,” one mahout saicl. “He goes and he goes.” 

On the tenth day we came down out of the 
hills inte tea plantations; it was warm and 
sunny, and the workers paused to watch us 
pass. The hunters began to sing; the vounger 
men called te girls at a respectful distance: 

The days in the hills, the up and cown, the 
sliding on mud hac punished the elephants. 
We camped ina fallow feld where the hunt- 
ers would refit and rest their animals. In a 
few dase they woukl resume the hunt. It 
might be a month before they succeeded; 
they might not succeed at all. Life, the poet 
said, is like the dark night sky. 

The davs in the hills had been special, 
something apart, vel éven there T could not 
escape the struggle between India’s wildlife 
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and its people. Now and then, from a hilltop, 
T could see the smoke that sienaled another 
settlementin what wasjundle. We bad camped 
one night in the ruins of 4 village attacked by 
angry elephants, and each day were experly 
assisted by tribesmen who wanted crop- 
raiding elephants caught; the very scarcity of 
our prey indicated their decline. 


NTIL. THE END of World War I 

Assam was thinly populated, remote, 

\ a fit place for a Kipling tale. But there- 

after came industrialization, The state is now 

Inclia’s laneeet producer of oil ane tea, and 

forest industries have been accelerated. Peo- 
ple from Bihar moved in for the jobs. 

To man's changes were added nature's In 
1950 a catastrophic carthquake struck the 
state, shifting the terrain, changing the course 
of the Brahmaputra River. This, along with 
loss of forest cover, has led to heavier flooding 
than normal, ancl to the inundation of vil- 
lages: The people are invading the forested 
hill slopes, seeking new homes. 

Chief Conservator P. Barua told me that 
thousands of acres of forestland har been 
last to such settlement. Only recently has 
the siate government agreed to the strong 
measures necessary bo stop il. 

“When we notice encroachment, we first 
give notice to vacate. Then we take police 
and elephants to the site. The police drive out 
the encroachers; the elephants demolish 
their houses: 

“Where do the people co? That's the prob- 
lem. I can only say They came from some- 
where, let them go back.” 

Conservationists believe that a key to pre- 
serving wildlife lies in the education of the 
young. The old cannot be changed. Many 
stale governments are planning to introduce 
the subject into school curriculums. And pri- 
vate organizations such as World Wildlife 
Fund—India are making parallel efforts 

In 1966 the World Wildlife Fund asked 
Fatesinghrap Gaekwad, former Maharaja ot 
Baroda, to set up a fund appeal in India, Some 
were surprised. True, he loved the outdoors 
and was a successful industrialist, but he was 
also a noted hunter 

Indeed, the vear before, Fatesinghrao had 
gone on a two-month safari to Africa with his 
father, the late maharaja, and a cousin. They 
shot 33 species. 
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Drafted to help save his species, a male erent Indian bustard is 
captured tn Rajasthan to mate with aaoo-confined female. The enorme birds. 
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But Fotesinghran came back from Afnca 
Wilh more thar tropes He ai So hart MA) 
he spent clay 
after day at the editing table, and something 
happenet during that 
“The futility of shooting, of destroving wild- 
"he told me during a visit 


leet of moton-picture film 


Sustained  wWewilhe 
Hie, came to me, 
to his bunealow in New DeThi 

hus he was delivhted to take on the World 
Wildlite Fund job. He bean to solicit fellow 
inmlustrialists; with Fl other 
Jomed the World Wilditte Fund's exclusive 
11 (lub, founded by H.RCH. Prince Bern 
hard, The Prince of the Netherlands. Mem- 


bers pledge 310,000 each 
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“loday we have now passed the hand-to 
mouth level of existence,” Fatesinghras told 
me. The organization has a capital fund of 
123,750 dollars, which i§ set aeide lo earn 
income. Annual membership in World Wiid- 
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is describe by one official 


fund's ettortCike 
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< “sa pebble tossed into a pond 1 hr orl’ 
hope is the ripple effect” 

An example of the ripple approach is the 
fund's plan to introduce nature clubs, start- 
Ing with pilot programs tn Grujarat ane) Ma 
harashira “We hope to howe 2 hundred clubs 
chive within a year,” one official said. “And 
OO within LS months.” The budeet for all of 
two headouarters 

nnd one for each state. 
as to: the Gir Forest in Gujarat that I 
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India’ $33,000, Lhe stall 


ofthicers 

It w 
jOuMMeVved: et 1 seemed to combine all the 
ingredients of India’s wildite strugele. The 
forest. which hae chwindled from 1,000 to 500 
squire miles since Loe turn of the centur, ts 
tie slate 


SIs OF NETMCHON, oF rirwine Lite, 


one of the few tett in 
Were 


parent. Goo) grasses have been grazed 


way nocd, i many places, have yielded to 


unpalatable ones Some streams have cried 
and the water table has dropped 

For years the forest has sheltered some 200 
Asiatic lions, the last of a subspectes that once 
ranged from Greece to eastern India; some 
0,000 Maldhan herdsmen and them 25,000 
cattle and buffalo; and, during periods of 
drought, up to 80.000 domestic animals 
broucht in from the surrounding countryside 

The struggle for survival in Gir was des 
perate. “The lions killed the Maldharis’ cattle 
for food; the Maldharis in turn drove the 
lions from ther kills, ancl sometimes poroned 





Rare beauty, the aatvr 
COP, Or Coin harried 
nhensant tabowe), tives in the 
lofty Himalayas, which offes 
the protection it peeds ta 


SOWIE. Stately saree cranes 
fright) strut ane trumpet 
through a mating ritual wt 
Redladeo Ghana Sanctuary 


them. The cattle, meanwhile, overerazed the 
forest and trampled the very earth, speeding 
up the process of xerification, ruinous to all 

The state government is now acting to save 
the forest and its wildlife from the impending 
destruction. The Maldharis and their cattle 
are slowly being moved out, and a low rubble- 
and-hedee wall, 1045 miles long, tas been built 
Lo mark clearly the sanctuary boundaries, and 
to. keep out cattle from surrounding villages 

Forest officials report that the lion and oth- 
er wildlife populations seem more stable, that 
crass is coming back in some aress, ane! that 
prospects are generally good, The Maldharis, 
they reported, are finding a better life in their 
new hordes 


WONDERED ABOLT THEAI—the 
human equation in the struerle to save 
Wildlife. | visitecl one of the messes, vil- 
lames, Still in the torest. It was early mornine, 
when the mist lifts slowly from the vallevs 
and there & the smell of cooking fires. The 
men take their staves and axe= and lead their 
herds from thornbush stockades. Youns wom 
en follow, collecting the droppings, which 
they mix with topsoil waned sell to villave farm- 
ers. This. along with ghee. oa cooking ofl] mode 
trom the milk of their bulfalo, provides their 
Income. Hand churns were already busy when 
the last herds vanished inte the forest, leaving 
plumes of chuist 

Then T went to the settlement of Chotili, 














come 30 mules away. There were oO) [am 
ilies. Each had received a concrete-block 





house, 20 brefs of land, seed, instructions in 
farming, and an iron rod around which a 
plow could be built Their community seemed 
set in a Vast, flat sea of cropland 

Most found their new life in some ways 
better: There was a school for their children. 
they grew wheat and peanuts on their & 
acres, there was:a town with stores nearhs 

But water and food for their cattle were in 
short supply. “There is only one well, and 
there is no wasteland to graze—all around 
are farms.” Since arriving three vears aco, 
hall of their 1.800 cattle have ¢chied 

The men still wort their traditional cos 
tomes: golden eurrines, somtimes three to an 
var, white tunics, embrowlered and pleated: 
Jodhpur trousers, loose to the knees, then 
teht, Yet something was missing. Not until 
later did) [ remember: the lone staves and 
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handmade axes of the forest herdsmen. Their 
lives are changing, their future wncertain. 

So too is that of the Gir and its lions A (Ca- 
naclion researcher concluded that the lions 
prey so heavily on buffalo that once the live- 
stock is moved out, the lions will lack ade- 
quate food, Park officials disagree. 

And there is the weather, which man can- 
not control The last monsoon hid been 
heavy, and so there had been relatively good 
grazing in the surrounding countryside: The 
Gir Forest guards, reinforced by police, have 
been able to check the annual invasion of 
starving cattle and desperate herders. 

But the memory of 1973, when the mon- 
soon failed, remains: “With drought came a 


flood! of men and animals—a thousand head 
of catthe arriving every day for a month, 
continually coming. It was July. There was 
nothing we could co,” 


‘HEREVER T WENT in India, 

people concerned with wildlife 

gave major credit for progress to 

the “PML"—Prime Minister Indira Gandhi, 

Tn time it became clear that much that hap- 

pened could be traced to the open door she 

keeps for friends of wildlife. Despite even the 

current political tensions, she hears pleas and, 

if they are worthy, writes a letter, places a 
nhone call, makes 2 visit 

I called on her at her office in Parliament 


Easily spooked, Indian 
wilt] ges streak across the 
Lite Rann of Kutch above! 
The presence of salt workers 
often disturbs the rare, high- 


strung beasts. To give them 
hidecuts, wililidte persennel 
plant trees (eft). Eager to 
display the creatures, Indian 
soos offer ws much as S3,(0M) 
for a colt such a= the one here 
roped by horemen (night) 





House. She had, ] knew, grown up a an only 
child, and her childhood had heen invaded by 
the turbulence of [nelia’s strugvle for ince- 
pendence. She recalled those days: “My par- 
ents and relatives, most of the family, were 
often being imprisoned. Our house was raided 
by the police and things confiscated.” 

She found companionship and a sense of 
peace with nature. She developed a “love for 
stones no less than trees, and for animals of 
all kinds.” There were pets: horses, a bear, 
dogs, a handsome blackbuck kept “for avery 
lang time,” until it jabbed one too mans 
guests with its spiraled horns. 

There were camping trips in Kashmir, ane 
at heme the warm nights when evervone slept 
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outdoors. She remembered how her father, 
the late Jawaharlal Nehru, who was to be- 
come India’s first Prime Minister, would 
point out the constellations and name e¢ach. 
She learned that “when vou know a thing by 
name, vou feel much ‘cleser to i, even with a 
bird. if vou know it is a robin, there 6A che 
ferent relabonship.” 

In time she developed a certain philose- 
phy: “If a person is not at home with nature, 
then I think he ts not at home with himself 
either.” 

CW her own efforts, she said: “It isn't at all 
casy to wet any of this done; vou have to pur- 
sue it all the time, Even when we make a 
sanctuary, there are sometimes problems. At 
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heoladeo Ghana we have a problem because 
there's no proper wall around it. Dachigam 
has been injurecl by a sheep farm. ['m told 
mast of the stags have gone away. 

“Hut I don't think | have a choice. If vou 
don't do it now, there won't be any wildlife 
left And when you are head of government, 
you have to deal with all the problems more 
or less stmultanequsly.” 

The personal intervention of the Prime 
Minister is a fortunate thing for India's wild- 
lite, yet her individual importance may also 
indicate a weakness in the governmental 
institutions set up to preserve wildlife. “If 
she goes,” one conservationst said, “then | 
think we will have no chance of success. It 
may’ all fall apart.” 

The Delhi Zoolomcal Park is =pacious and 
pleasant, in wrt because of Mrs. Gandhi's 
personal intervention. There is a cheetah, but 
Afncam male peacocks that dance with tails 
fanned; Manipur brow-antlered deer, whose 
wild kin number fewer than 75. But its most 
popular inhabitant is Jimmy the tiger. He 
stalks.a larce enclosure, often concealing him- 
self behind grass. Now and then, when people 
siop before the enclosure, the keeper oblig- 
ingly calls “yoM-M-M-yv!" The large and beau- 
tiful cat comes charging out of the bamboo 
and, with a heurt-stopping roar, plunges into 
the surrounding moat. He looks oat the view- 
ers, paddles back, and retreats into his mini- 
jungle. The auchence is delighted. 


dia’s larger wildlife will, like Jimmy, be 

ronfined to zoos or extended zoological 
parks such as the Gir Forest. I thought of all 
thease people who had strugeled so long to 
prevent that: Salim Ali, Dharmakumarsinhji, 
Krishnan, and all the others: What were their 
chances of strecess? 

One United States scientist with much ex- 
perience in India told me tersely, “Too little, 
too late.” Another foresaw; “They'll keep 
what's in their preserves, nothing more.” Dr, 
Raran Singh had answered the question in 


ic [> POSSIBLE that someday all of In- 


words befitting a poet: “If there ts. any wild- 
life left in India in the year 2000, it will be 
because of what we are doing now." 

The truth i that the future is uncertain. 
One can only look for signs. 


FEW DAY'S before 1 was to leave India, 
I happened to meet Mr. V.B. Singh, 


. chief wildlife warden for the State of 
Uttar Prartesh, His is the most populated state 
in India, with 88 million people. So intense is 
the pressure for land thet the state plans to 
compel the settlement of its 3,000 nomacls 
and their 10,000 animals. There is simply no 
spare grazing land for migrants. To accom- 
modate the reluctant settlers, the state will 
carve 1,200 acres from a state forest 

But Mr. Singh was quite optimistic 
“Things are moving in the right direction.” 
He cited intreasing funds, a greater con- 
sciousness of the problern, the expansion of 
sanctuanes; and the establishment of 116 
square miles of Corbett National Park as a 
sanctum sanctorum, free from all ¢istur- 
hance, even loging. 

“The number of tigers in Corbett has 
reached the saturation point,” he said, “about 
33. And they are spilling out.” Some, because 
af lack of food, loss of habitat, or because of 
Injury or old age, have turned to cattle lifting, 
even man-eating 

“We have three man-eaters in Uttar Pra- 
desh. One has taken five lives and has been 
aficially declared m= man-eater and con- 
demned. The other two have taken only one 
person each. 

“Twenty davs ago we began to gather in- 
formation about the man-eater, and a senior 
forest officer has been delegated to destroy it 
He is our chief conservator, an old sidari 
[hunter] and a fine shet. He is now staving 
close to his office in Lucknow, awaiting word 
of the next humsn kill.” 

Tn India, time ts still measured by the end- 
less turn of the seasons, and for both its wild- 
life and its people, the strugele often remains 
one for survival, ‘a 


Swinging free in captivity, a licn-tadled mocague—ao species gravely endangered— 

6 protected in a too, In the wild the reclusive monkeysexist only In-small 

pitches of clemee forest. India has declared her resolve to preserve her wildlife heritage. 
Wf she fails, humanity is the loser Wrote Kipling in The Jungle Book of Mowrli’: 


band with his animal friends: “We be of one blood, ve and 1” 
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tiny Nauru (above), That sun 
outlook is understandable, for the hand 
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iftrressive program of investments. He 
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[LLIONATRE im the making, 

Jaucte Deediva (left, in vellow 
1 shirtican easily atford the video 
tape TV he and his lamuly watch in 
their home, rented from the local gov 
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cousin, he owns $0 acres packed with 
pocsphile. Che family alse wns uth ex- 
pensive «lereo, three washing machines, 
(Wo jOtpe, a Sern, & motorcvele, Ania 
motorboat A soberne side effect of 
'WUPL Ss Vehicle boom has been a rash 
of tragic traffic accidents. Haugie’s son 
in-law, Dravid Harris (in the wheel 
chair has Jost both lee on two 
GP pMIrate mishaps 

At play, islanders often take to the 
ite Juanita Menke (below) retrieves 
her ball on a “ereen” of crushecl coral. 

In Melbourne, Australia, 3,000 miles 
away, the 52storvy Nauru House (right) 
nears completion. Nauru has invested 
45 mulion dollars in the skywscraper, the 
city's tallest, in return for rent from 


ofices that will house 4,000 
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The essential process by which the 
likeness of the parent is transmitted to 
the offspring. ... is as utterly mysterious 
fo us a5 & Hash of lightning is to 4 savage, 


— FO LAST ALAM BATES, Pes 


PLUNGED A GLASS EO into the 
fiask of jellylike soup, 

“Twirl and lift.” directed Marie 
Chamberlin, a lab technician at the Califor- 
nia Institute of Technology. As I wound, a 
crowing lobule of clear organic clue spooled 
out of the fask and around the roc 

“Tust think,” said Magete with a erin. “You 
are traveling the Secret of life.” 

What I was winding looked no more im- 
pressive than eee white. Could it. really be 
DNA, Lie most celebrated chemical of our 
timer DNA, the master choreographer of the 
wing cell and carner of the @enetic code? 

T had seen DNA leven scientists seldom call 
it dewxvnobonucleic acid) take a much more 
convincing form earlier that day. Embrvalo- 
visis Barbara Hough and Mike Smith were 
showing Me on aquarium containing doxens 
of purple sea wrehins 

Mike plucked owt ao male and injected 
sverm squirts of salt solution through its 
prickly hide. Slowly, a white fluid oozed from 
pores in its back 

He put a few drops of the fluid on a slide 
Through a microscope | saw millions of tiny 
sperm wriggling frantically, their tail-like 
flavella whipping back and forth with awe- 
Some UTBency (pages 470-7), 

sperm, D learned, is essentinlly a bundle of 
DNA with a tail. It was this substance that 
Magivie had distilled into the pure DNA in the 
ask. How different these thrashing. missiles 
of OSA seemed from the inert goo | bad spun 
around & stirring rod! 

Yet this contrast struck at the heart of my 
mission. | was a journalistic traveler in the 
“new Mology,” taking notes on the explosion 
of knowledge that in recent years has utterh 
transformed the tife sciences 

If anvthing illustrates what has happened 
In biology, ft this profound new abiltty to 
take the very stuff of life out of the cell, to iso- 
late Thin a test tube, to dissect 1, and to probe 
the deep mysteries borne tn its fragments 

Little more than a generation ago the cell, 
the living capsule from which all plants anc 
animals. are built, was. hartely uncharted 


THE 1 








EW BLOLOGY: I 


1e 


Awesome 


Worlds 





By RICK GORE 


Photographs by 
BRUCE DALE 


BITE SATHANA) MEA Tae 


Paintings by 
DAVIS MELTZER 


Keeper of the keys to life, the 
double helix, or twin Spiral, af 

the DNA molecule stores the code 
that every cell uses to sustain 

und duplicate elf. It i shown here 
Ina painting based on a stylized 
atomic model. Man and bee, wild 
flower and microbe, share a kinship 
mM ONA. And along its elegant 
structure lie genetic messages that 
timke eves blic, feathers iridescent, 
antl lilacs fragrant. 
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to de the same with humans, to make limit- 
less copies, or clones, of people considered to 
be desirable by transplanting their pxa into 
human eggs Science-fiction writers already 
fantasize about armies cloned from a hy- 
brid Goliath, or a world filled with clones of 
famous and powerful people 

such conformity, however, would require 
much more than biological identity. Disturb- 
ing paychological conditioning, for example, 
would be needed. Moreover, biologists strong- 
ly disavow any interest.in human cloning. Nor 
would our society today tolerate the attempt. 

More imminent, however, is the risk that 
well-meuning venetic manipulators, working 
on, sav, the cancer problem, might inacyer- 
tently turn a common bacterium into a lethal 
germ and thereby unleash a great new plague. 

Such hazards resulted in a self-imposed 
moriionum on experimentation by many of 
the world’s leading biologists while they 
spent the past two years developing what 
they regard as ultrasafe guidelines for their 
work. Critics, meanwhile, contend that some 
of these experiments cannot be macle fail-safe, 
and that, despite their potential for good, they 
are too dangerous for sociely to permit, 

The DNA age is clearly and urgently upon 
us, and while lseldom found biglogy’s new 
laws us easy os twirling DNA on the end of 
a rod, f did find that, behind their abstruse 
lerminalozty, biologists have discovered a 
surprising, elegant simplicity to the game 
plan of life. 


Any one cell, embodying as it does 
the record of a billion years of evolution, 
represents more an historical than a physical 
event. You cannot expect to explain such 
a wise old bird in a few simple words. 
=—*tAX DELARLCh 
CALAIS INSTITUTE (Ff TROWNMOLOGY 


i Vine MATIN ARENA of current biology, 

the stage upon which DNA acts, is the 
— living cell, Cells are the basic units of 
life; all plants and animals are built from 
these tiny chemical factories, 

We are whatever we are because of our 
cells, Our every breath is the work of lung 
cells and red blood cells. Each step we take, 
each word we speak is the collaboration af 
thousands of nerve and muscle cells. 
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Bacteria and other microscopic organisms 
consist of only a single cell, [t takes a hun- 
dred trillion cells or more, however, to make a 
human being We have about a million cells 
in every square inch of our skin, and about 
thirty billion in our brains. Our blood holds 
twenty trillion red blood cells: thirty thoy- 
sand would fit in this one 0. 

some cells are spheres, some are spirals, 
Tiny are rectangular. Some have tails: Others, 
certain nerve cells, are star-shaped, with 
microscopic bodies, each with a wispy “arm” 
scveral feet long. 

The English microscopist Robert Hooke 
named cells in 1665 after he detected their 
deac remnants in « shaving of cork. Dutch- 
mun Anton van Leeuwenhoek in [a74 was 
first to describe a living cell (page 401). But 
not until 1838 did two German scientists, 
Matthias Schleiden anc Theodor Schwann, 
deduce that all plants and animals are made 
of cells. Biologists subsequenthy found that 
cells divide to make more cells, that each cell 
manulactures a series of chemicals. But as 
late as the early 1950's, scientists knew few 
details shout the life of a cell 

ow, using high-powered electron micro- 
scopes and ingenious techniques borrowed 
from plrsics and chemistry, biologists have 
broken through the cell's barrier of invis- 
bility and have charted! its interior. They 
have found a forbiddingly small vet enor- 
mously complex world; its magnitudes, like 
those of the cosmos; astonish and confound. 

Each cell is a world brimming with as 
many as two hundred trillion tiny groups of 
atoms called molecules. Even the largest 
molecules, like DNA, arc measured tn units 
called angstroms—1/250,000,000 of an inch 

“Tt would be mind-boggling for the curly 
Cell biologists to see this,” Peter Hepler, a 
young Stanford University biologist, told me 
as he flipped through a recently published! 
clectron-microscope atlas of the cell, “They 
had no idea the cell was so chock-full of 
things. The electron microscope has let us 
divide the cell into many compartments.” 

The cell has turned out to be a micro- 
universe, aci¢nce now tells us, abounding 
with ciscrete preces of life, each performing 
with exquisite precision, and often in thou- 
sandths of a seconcl, a biochemical dance its 
ancestors began to perfect countless genera- 
bons ago.in the primordial ocemn, 
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Moreover, biolowists now have concluded 
that all cells share a crand unity of life. It wus 
at Stanford, while Twas looking through a 
TCKOSCOpe at a common dim, watching its 
vital juices stream busily through the chloro 
pbhyll-colored corridors of its single cell, that I 


perceived this kinship. What a humbling rec- 


oemitian it was: that my cells, those of the 
most advanced species on earth, operate with 
many of the same pieces of machinery, the 
samt chemical reactions, and under the same 
genetic code ns this lowly green scum plucked 
from. & rowdide mud puckdle. 


ATURE HAS SCULPTED a remark- 
able geography into the cell. It has 
; heen my privilece to examine that 
geography with some of the world’s most re- 
spected biologists as my guides. Touring the 
ecll means crossing a langue! barrier. | 
encountercd? words I had never heared and 
numes Tstill stutter over. Exploring the basic 
topography of the cell is. achallenve But there 
is no other way to comprehend what won- 
drously complex creations we are, nor lo tn: 
derstand what the new biology has wrought. 
Surrounding the cell, enveloping it inte a 
world of its own, is a membrane only one- 
half-milbonth of an ineh thick. Within this 
outer membrane the most chvious feature of 
every cell | looked at was the nucleus. Some- 
times tiny and dark, sometimes seeming to al- 
most All the cell, the nucleus evoked a special 
excitement in me, There was the thrllme 
feeling, When I focused the microscope to 
bring the nucleus into shurp relief; that 1 was 
drawing a bewd on the center of the universe. 
The nucleus is, indeed, a special place. Tt 





dominated by bodies called chromosomes 
Bach plant and animal bes a characteristic 
number of chromosomes, Humans have 46; 
mice, 40; garden peas, 14, 

Rach chromosome is a package of DNA 
divided into hundreds of different genes. It is 
from the chromosomes that the genes send 
messaves to other parts of the cell on how to 
make the enzymes and other proteins in 
which that cell specializes 

The genes responsible for bliae eves or any 
other physical trait are always located at spe- 
cific spots an specific chromosomes, Qur 44 
chromosome “threads” linked together would 
measure more than six feet. Yet the nucleus 
that contains them is less than four ten- 
thousandth: of an inch in diameter. 

The nucleus is most dynamic when a cell 
divictes. Before division, the PNA in each chro- 
mosome duplicates. The result is two iden- 
tical sets of chromosomes. These condense 
tightly into snakelike shapes and pull apart. 

Rach set then migrates to opposite ends of 
the dividing cell New membranes form to 
sepuirate the two sets, ancl each set takes 
rein over its own new domain. 


UT THERE [5 MUCH MORE to the 
veogTaphy of a cell than the nucleus. 

If we could shrink down, slip through 

the outer membrane of a hunian cell, and 
stand on the nucleus, we would see fantastic 
sights. We would be in the cytoplasm, 2 wa- 
lery world seething with chemical activity, 
As we look autwuard from the nucleus, we 
might fine ourselves entangled in welutinous 
meshwork, which pervades the cvtoplasmic 
sea like kelp in a shallow cove This is the 
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endoplasmic reticulum, or more comfortably, 
the ER. This scaffold of inner membrane is a 
great interlocking system of channels through 
which the cell moves molecules it is making. 

Studding much of this membrane and float- 
ine in the evtoplasm are millions of small 
dark particles called ribosomes. The ribe- 
sames are, ina sense, the cell's anvils, where 
its many different proteins are fashioned. 

We watch this process: A ribbonlike mole- 
cule, called aNwA or ribonucleic acid, arrives 
from the nucleus at aribosome. The RWA bears 
a message from a gene: how to assemble one 
specific protein. This “messenger RNA” rb- 
bon feeds into the ribosome to be transcribect 

Immediately other smaller bits of RNA— 
called “transfer RNA”-—begin to bring com- 
ponents of proteins, molecules called amino 
acids, through the cytoplasm. At the mbo- 
some. these amino acids are linked, in a 
particular sequence, into a chain that, once 
completed, will be the designated protein. 

Proteins being assembled at ribosomes 
along the Ek then slip into one of its channels. 
These are proteins that the cell secretes, such 
as hormones or digestive enzymes. Some need 
additional grooming, which they receive as 
they are shuttled through the channels of the 
tk. Then they are packaged in a membrane 
bag called a secretion granule, taken to the 
cell's surface, and expelled. Other proteins, 
those made by the unattached ribosomes, 
remain within the cell todo the housekeeping 
chores that keep it alive. 

Throughout the sea of cytoplasm are bun- 
dies and strands of tubules and fibers. Some 
appear and quickly disappear; others are 
more permanent These microtubules and 
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microfilaments have many jobs. They help 
pull a dividing cell apart. Also, like the hoop 
of a barrel, they give structure to the cell. 
They are the cell's muscles, pushing and tug- 
ging its parts around, changing its shape. 

The rim of the nucleus can be «a dangerous 
spot for an intruder, We must watch out for 
globules called lysosomes that crue the 
cytoplasm. Lysosomes are sacs of corrosive 
enzymes that con digest almost anything. 
White blood cells use lysosomes to attack 
bacteria and other invaders. Protozoa need 
lysasomes to digest food. 

Lysosomes also serve as cell janitors, 
breaking down worn-out cell parts ancl spent 
enzymes. On fare occasion, they even attack 
their own cells, earning themselves the nick- 
name “suicide bags.” Normally, however, 
they merely aid in the removal of old or de- 
fective cells, an essential to healthy growth. 
For instance, when a tadpole turns into a frog, 
the lysosomes in its tail eat the tail up. With- 
out such cell death we would all be born with 
the webbed hands that the human fetus bas 
at one stage. 


HROUGHOUT THE CYTOPLASM 

‘also drift bean-shaped dynamos called 
mitochondria. Many scientists now 
suspect they ‘were once free-floating one- 
celled creatures that eons ago found a cozy 
niche inside an ancestor of the modern cell. 
Mitochondria actually look like puny, pectes- 
trian pieces of punctuation. Yet without the 
wizardry they evolved ages ago, we would 
never have made it out of the primorrlial soup. 
Mitochondria are the powerhouses of the 
cell, They (Continued on page 368) 
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The Awesome Worldy Within a Cell 361 





Ab 


The geography of the cell 


F HE WERE SHRUNKE to a bil- 

lionth of normal size, »a human 
would be small enough to explore a 
living cell. But on its surface, he would 
be quickly overwhelmed by chemical 
troops, digested, and done with. Only 
scientists armed with electron micro- 
scopes and other specialized tools have 
become observers of this bustling world. 

Whether specialized to function in 
the brain of a flea or the claw of a bird, 
asingle cell is built from internal struc- 
tures called organelles that mirror the 
complexity of the organs, tissues, ner- 
yous system, skeleton, and skin of the 
whole bach 

Much remains unknown, but the 
composite cell illustrated here (foldout, 
facing page, and kev, below) shows 
major internal features of both pliant 
and animal cells. 
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Nucleus, the cell's heredity-bearing core, 
functions within a thin membrane called 
2. Fibers of protein-laced DNA within the 
nucleus comprise chromosomes. or 
packages of heredity-carrying genes. 


3 An important component of ribosomes (ia) 


is made in the nucleoli. 
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Protrusions that greatly enlarge the cell 
surface — microvilli— promote increased 
absorption. 


Giving the cell some muscle, fine fibers 
called microfilaments (5) and microtubules 
(6) help maintain the cell's shape and have 
a role in tts motion, 


Scavenger organelles, hyaosomes such as 
the digestive vacuole (7! and residual body 
(a), not only consume foreign matter and 
dead parts of the cell but, in the normal 
growth process, eventually recycle the 
worn-out cell itself. 


Found in large numbers an certain cells, 
cilia act a5 oars ine liquid medium. 


Dynamos of the cell, mitochondria convert 
sugar and fat derivatives into energy for 
the cell's use. 


Porters forthe cell, pinocytosis vesicles 
convey material from the surface to the 
interiar. 


Pores allow substances to pass to and 
from the cell's nucleus. 


Anwils. of the cell, ribosomes are where the 
many needed proteins are fashioned from 
amine acids (page 367), following a genetic 
code-carried by a courier known as 
“messenger RNA” (ribonucleic acid). 


A maze of channels, the endoplasmic 
reticulum, or ER, transports hormones, 
enzymes, and other compounds produced 
by the cell. 


Unique to plant calls, the chisroplast 
cannes out p . which provides 
the cell with food cid akin sians with 


orygen. 


Cell membrane 6) and, in plants, the much 
thicker cell wall (17) provide form and 
protection. Membranes, which control 
what enters and leaves the cell, have 
complex functions, including a role in the 
immune system's responses to infection 
and cancer—a puzzle now undor intensive 
study ipages 378-9), 
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A When a cell prepares to 
manwiacture protean, 2 
pegment of ita DNA— 4 gene 
—beging to open. Free- 
floating nucleotides attach 
fo one strand of the gene. 
These nucleotides resemble 
those of DNA, but they have 
a slightly differant backbone, 
ena titaci, or base ll. re 


The language of life 


. iy INTRI¢ Al id molecular i nee apelis ol the Peneiec 
a Instructions PNA cirres within its double he 
Shown here are two mechunisms DNA uses. One enali bes 






2 Before a cell divides, DNA is 
replicated, of made inte identical & 
copies. one far each resyiting cell. | 4 
A section of the OMA strand {left! 
UNWINGS 2nd separates along its 
base joints. The A’s, Ts, C’s. and 
(> 3, How tiregla. quickly acquire 
new partners from the many 
nucleotices floating free within 
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DNA lo make a copy of itself before a cell divi . 
Throweh the other if cirects the manta —) et “ef” fides rejoices tea me 
ICH er il cirects lhe manufacture of 1 ceils ties are joined in a single 
chain called RNA, they unzip 
from, the gene, RANA synthe 
HS MOVE Wavelike down the 
gene to compiete the pre- 
cess. The leng ribbon of 
messenger RNA, having been 
toded by the sequence af 
DNA bases along the gene, 
thus relays instructions for 
protein building 


proteins—the vital molecules such as enzymes and 
hormones that CITY out the business of bemg alive 
Actually components of DNA are joined chemically. 
the cell, Eventually, two new 
complete and identical DNA, 
mec ules fore, 


thev are here cheep tec) as Interlocking color-coded 
units similur to a child's constrection se 


1 DAA units called nucleotides 
loft, each carry one of four 
different bases anchored 

to a sugar-phosphate 
backbones. Thase bases - 
adening, cytosine, guanine 

| And thane, or A, C. G, and 
i bond the nucleotides in 
the aoiral DNA molecule. « 
section of which in shown 
below. The shapes of the 
bases demonstrate that A 
can pair up only with 7 
and C enly with G 


f The sequence of A's, T's, C's, and G's 

| @leng the fengthy DONA ritton contains 

in code the specific information that a 

eel neece-ito manutacture its particular j 
ret of proteins, By varying the sequence, 


nature varies the instructions. 





.) The order of the amino acids 
ia protein determines the job it 
performs To make the myogiabin 
molecule at far left, the protein 
globin combines with a red hema 
or iron complex. The myoglobin in 
muscle cells ie what atores oxygen 


AMING ACID | to fire their energy furnaces, the 


mitochondria (iO, page 362). 
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5 The mesenger RNA moves out of the 
nucleo and finds « ribosome {3, page 362! 
for the assembly of the designated protein, 
The sequence of A'«, U's, C's, and G's on the 
RANA forme In groups of three-letter “words” 

such as ACU. OGG, and CCU, Each word 

- specifies one of the different amino acids, 

the Suilding blocks of protein. Another type 

of ANA, called transfer RNA, reads the words 





RIBOSOME 





CELL 
MEMBRANE~, 


and brings the specified amine acid in from 
the cell's ona of chemicals to thetbosome 
There the particquiar nectoaiide word of the 
transfor RNA matches up with the counter- 
part section of messenger RNA. In turn, the 
amino acid links: on te a growing chain that 
will become 4 prabein, Its work done, the 
transter ANA separates and returns to a 
free state within the cell medium 
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(Continued from page 36!) produce a 
powder kee of a chemical called ATP, or 
acenosine triphosphate 

“ATP is the electricity of the system,” bio- 
chenust Philip Handler, president of the Na 
tional Academy of Sciences, told me. “It ts a 
form of energy that the cell can use to do any 
thing—make other compounds, contract 
muscles, permit you to see, to think.” 

An active cell needs more than two million 
molecules of ATP a second to drive its bio- 
chemical machinery. There may be one 
mitochondrion or thousands. Cells that use 
reat quantities ofenercy, as inthe wing mus- 
cles of birds, have tremencous numbers. Mito 
chondria often cluster where energy is re- 
quired, a5 at the base of a sperm’s flagellum 

What mitochondria do, essenti 
burn the breakdown procucts of suigars and 
fats to make energy, Rather than vive off the 
enerry a8 heat, they store it in the ATP mole- 
cole Animal cells obtain the sugurs that their 
mitochondria burn directly from the food the 
animal eats. Plant cells rely for Sugars on 
photosynthesis, which is carried out by an- 
other of the cell's workers, the chloroplast. 

Photosynthesis is to me the cell's ultimate 
magic (page 387). What alchemy It seems to 
take a sunbeam and turn comman carbon 
dioxide and water into food! What an aci- 
Vantage that primeval organism attained 
when it first managed this feat, letting others 
scavenge in a lean sea And without the 
oxygen photosynthesis produces, animal life 
as we know it could never hove developed. 

Biologists have not vet determined all the 
jobs performed by the many inhabitants of 
the cell. It is clear, however, that the cell is a 
society unto itself, and that the intricacies of 
its sociology will puzzle us lone after we 
finish charting its terrain 





iy, 1 to 


One really begins to understand now how 
the living cell does what it does. The gap 
between life and nonlife has disappeared. 


—RORERT SISSHEMIER 
CALIPOR ALA TRSTE OF TEN 


N APRIL 1954 a 25-year-old American 
postgraduate student named James 
Dewev Watson anda British physicist, 
Francis Crick, dropped a biological bomb- 
shell, one that left newspaner editors around 


jar. 








Molecular modeling 


Biologists pursue anatomy past the limits 
wiible with even the most powerful electron 
microscope. ‘The discrvery of DNA's structure 
owed Mich te tmidel biniding. One cnocial in- 
steht came me James Watson arranged ane re- 
arranged cardboard cutouts representing 
DN A'S Daisies 

Modeling also helps scientists studying the 
arcititecture of motecules usec bn mmiune ©.3- 
tems. Ad the Natronal Institutes of Health, 
investigniors hive covstallized part of an anti 
boty (top) that attacks bacteria in mice. X-ray 
phetographs of these erystals (above) are inter- 
preted into three-dimenstonal eléctron density 
mops (right, foreground) The maps reveal 
molecular structure, the basis for comstrucling 
a model of the guardian molecule (backercune) 
to better understand immune svstem operution 
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Crenetic 
engsimeermes: 
bane or blessing ? 
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Viruses are old hands at altering ON A in 
vin cells: ecentists are new at the job, 
Simplified, here's how it’s done (diagram, 
above); Isolate o convement carrier of 
DAA. Wilh its smallponia, & plasmid from 
hb bacteriim to good choice.) Then use 
cnzvimess to remove a section of “old” 
DNA center, aml splice on “new DNA 
fed! trom another ormanem. When this 
composite DAA ts inserted inte a cell, the 
result a hvbrid net found in nature 
Phe lear that despite stringent research 
publelines, virulent tailor-made bacteria 
mich Soope beboratornes waned cause new 
PONENT Cheeses 

Virnises cannot reproduce by them- 
selves, #0 they take ever Lhe machines 
ma cells. One Kind called T4 attacks the 
bacterium . col found in human in 
testines. Microhypockermics loaded with 
DNA, T4's alicht an & cob’s membrane 
(below), penetrate it, and squirt their OWA 
inte the interior, where i forces the cell 
to produce more T4's (left, black spots) 

Hiolhagists hope wirikes con be mii: 
hed to carry human genes to cells lacking 


then, this repairing senetic defects 
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the worted struzrline to fit the words 
ribonucleic acid” into a catchy headline 
opted to use the abbreviation DNA 

OAS Aimost overnight the announcement 
by Watson and Crick that 
termined the structure of that 
tied towether same fifts 
research in biochemistry, 
wenetics It forged 
new science. The ONA Structure was a long 
missing link 

The two mam events m 


they hac de 





biology into a rachcalh 


the tite tf most 
to make exact copes of them- 
Jrotens-— Donn 
coded if Gut 


cells—<aiviciine 
selves “nel 
rely on bioeprints 
1953 many biolomsts believed thal 
were made of DNA. But no one could begin 
how that mysterious molecule carried 
Ss) muny precise instructions, until Watson 
and Crick discovered how iL was Constructed 
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r Vee EASIEST WAY to visualize DNA 
rope laceler 
Cha bat tk ai roundel anal ercured | in oO Cork 
Aditer oul and 
DNA ladder are 
Sugars and 


These 


< an immensely lone 





screw shane. Stuuchten the 
imagine: The sites of the 
iong chains of two substances, 
phosphates, In 


Fee = Secyuemnocs 


chains are the backbone of the DNA mote 
cule; their structure never 

The real magic of DNA.i5 performed! fy the 
The mumnes cite actoally mace in two 
parts, each part being firmly attached to one 
sitle of the lackcber 


one of four types of litth molecules—adenine 


Varies 
runes 
Fi! " 
Pheee half runes can he 


thvmine, or muinine. Each of these 
and G—together 
attached scement of the DMA back 
KNOWN fa 1 

Siructuray 
with aT, anda 


cViosine, 
units 
With: 1t& 


bone, | is 


apbreyiiited A, C, 1 


Tc leatide 
an A will make a rong onh 
C mates oniv with a G 
Ul G-C pairs an 


so Lhe 
In & Sense, 
with which mes 
cares can be spelled out (pages 365-7) 
ivides, the DNA ladder 
splits dewn the middle. The nuclooticies 
and the ¢'s from the 
a zipper pull apart 
which are alwavs 


thoauenout the cell, -wr 


ArT =A, foots, 
hike a four-letter alphabet 


= r 
tefore a cell 


paruie [rom the T's, 
Gs, much as the teeth ol 
floating 
Wandering ftreeh 
soon linked to appropriate 
civ Wine Le this process 
the cell 
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Phen nuclenticles 
nariners on the 
“On TIMves, 
bNwA—icden- 
blueprints. cw 


leu ledes 


creates Meo ladders ol 


Phe Awesome Worldy Within a Cell 
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vears af disnarale 


microbiclory, and 





the cell can proceed its awn clivision. 
Lising these blueprints, the cell performs 

another crucial function: the tumnufacture of 

proteins —thousands of different types 

ft the lone 


Src ToT making 


Each pene, or distinct segment 
GNA: Stranc, conlamn. in 
oriers are coded 
of nucleotiies. To 


MSUuUCIOnS rom tnt 


ane specific protein. The 
Into a Precee 
deliver 
the “workroom: —the clusters of nbosomis 
where 
emplovs a poebetween: the messenger mole 
cule, RNA 

Io decipher the precisely arranged string 
of nucleotides, the protemn-making ribosomes 
Be wheal we 


Sequence 
thase aA be 


nroleins are wssemblert—the cell 


coll the genetic core 


First, recall that proteins are pauint moke- 
cules made of many amino acids, typicalh 
everal hundred of them. Although thi 


aming acwis, they i 


code 
LISS TITLE 


be arrancel in almost infinitely alah fe 


complex arra’s of 


Vi a a 
ha + LM dhe 


to proclwee the increlibls 





Hundsome green prince of genetic research, an 
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proteins needed to build a human body, Just 
as you can change the meaning of a sentence 
by rearranging its worts, nature can “spell” 
an enormous vocabulary of proteins, using 
only the four nucleotides of DNA. Geneticist 
HJ. Muller once estimated that the number 
of different wavs of putting together all the 
A's, T's, C'S, and G's In a set of hitman chro- 
masomes would be the figure 256 followed by 
2.4 billion zeros. 

My wife, Mary, calculated that it would 
take her 45 years, working 24 hours a dav, 
just to write that number. Each of us, ge- 
netically, is an unfathomable long shot. 


...2 riddle wrapped ina mystery inside 
an enigma. 


—WIsSTOS CHLIRCHILT. 


zt AVING MAPPED THE CELL and 

decoded its DNA, biologists are now 

trying to understand bow it accom- 
plishes some of its amazing feats. Every cell, 
for instance, has its special chores. Each ob- 
seTves its own intricate calendar, knowing 
when to grow, when to divide, when to make 
hormones, when to die. 

Many cells can actually tell time to within 
half an hour. Consider the cells of a cockle- 
bur. This scruffy plant will not bloom if kept 
continuousiy in liarht, bul give it just one 
nine-howr period of darkness—not eight and 
a half—ancd its cells tmerer the entire 
blooming sequence, 

I have often thoucht, as I impatiently 
waited for the asters in mv garden to blossom 
or the tomatoes ta ripen, of the inscrutable 


Chromosome surgery 


Te operate on a living cell with even the smallest, 
sharpest scalpel imaginable would be like slicing 
onions with a chain saw, Dr. Michacl W. Berns of 
the University of California at Irvine (lef) focuses 
a laser beam through a microscope to. cutso finely 
that just one part of one chromosome can be 
remover! (right, arrow’) 

Image en seteen at left ba buman bleed cell 
through which two holes have been drilled by a 
laser: How the cell-reacts as-specific components 
are thestroved| will assist in determining the func- 
Hon of the missing parts. 


biological clocks operating within those 
flower and fruit cells. Cells have no con- 
achousness, | have been repeatedly assured. 
Their life cycles are determined chemically 
by such outside influences as how long a 
period of sunlight e¢xcites their pigments, 
what the temperature is, and what other 
chemicals they come in contact with. 

If the divicling of cells in a flower i= not 4 
CONSCIOUS act, It 1 at lenst one of supreme de- 
sign. The control of cell division in humans 
is even more impressive. A human cell in the 
laboratory, free from bodily influences; may 
divide some fifty times before dyine. If all our 
tells divided that often, we would reach a 
weight of more than elhty trillion tons 

Daring a given moment in the life of a cell, 
thousands of events are being precisely co- 
ordinated! at the molecular level, even though 
only a small fraction of a cell's penes are 
being expressed. There are countless triggers. 
red lights, green lights, and feedback chan- 
nets invelved in each response a cell makes. 

At Harvard University, Dr. Mark Ptashne 
drew for me diagrams of how molecules 
called repressors switch penes on and off in 
bactena and viruses. He might as well have 
been diagraming the circuitry of « big com- 
puter. Yet the regulation of human genes ap- 
pears to be much more complex, 

Studving how genes are turned on and off, 
however, i just one approuch to understand- 
ing the intelligence of the cell. More and 
more, biologists are finding that some of this 
wisdorn t built into the cell's surface. 

The cell surface is like an ultrathin layer of 
heavy oll on water. That narrow periphery 
controls everything that goes in or out of a 
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cell. Lt is the face the cell shows to the outside 
world, and all that a cell needs to know about 
that world tt must learn throwih intelligence 
Afents in ts surtace 

Within this fatty membrane, protein mole 
coles float like corks, often protruding from 
the ton waned bettom. Attached to many of 
these proteins are complex antennac mace 
un primarily of sugars 

“These molecules that sit m the cell's 
suriace are the first troops to see the world,” 
(Gerald Edelman told me at the Rockefeller 
University in New York L 1k’ “The motectules 
don't sit fixed. They move randomly, ike a 


celethrant crowd in Times Square.” 


~ SAW just how important these itinerant 
molecules are to a cell when I visited Dr 
Thomas Humphrevs’ laboratory, thow- 





ends of miles from Limes Square, at the 
University of Hawaii Lab assistant Dale 
SaIVED Was ChOPPINg sponges apart when | 
arnver| 

“sponmes are the lowest iormot many-celled 


Swrvet tole rite “Thes hve a bit of 





SETI 
aA COMMuUnICALIONS svstem—enough to close 
Ip when clinger approaches—but no nerves 
Basically they arejust.a colony of single cells.’ 

“Tt was found around the tum of the cen- 
tury.” Lr. Humphreys then explained, “1 


you Could take a sponge apart, und its cells 








wy hove 
a Way ol knowing where they belong” 


ir. Humphreys ran a film showing, first, 


would come hack tovether again. T 





a Suspension of cells from a white sponge that 
hac been chopped up, Two of the cells seemed 
to be scouting exch other out, climbing all over 
one mmother until thev fowne tet the mht 
position. Then, snap! They locked to each 
olher anid became a two-celled organism. A 
third cell approached, sniffed, and latched on 
lt Tks follower by corvettes more. 

“They reestablish o sponge that is an or- 
ganism just like the ormwingl,.” said Dr. Hum 
phireys. “Interestingly, when vou put cells 
from two different sponges together, each 
will recognize its own." 

The next film sequence showed both white 
and red sponee cells. Are cell began sniffing 
bh white, moving patiently all over the white's 
suriace, a5 if looking for sometime 

“They are trying, fut they can't quite make 


it” cated Dr Humphrey c Seon the reel SON 
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Breeding a superbug 
to attack oil spills 
From cloudy to cher, the twowials held 
by Dr. Ananda M (Chukrabarty above) 
of General Electric's research centet 
demonstiite ceneticalh enginerred 
Mcternas 2ittonogs appetite for ofl 
By combining four strains of obl-eating 
bacteria, Dr. Chakrabarty has created a 
corps of ultrasmall scavengers (below 
that one day may devour oil spills 
Natural becterta aie tn digestion and 
break down human wastes; perhans a 
whole fost of altered straits could help 
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life divides to multiph 


Tame-looking as it clings to a elise tiring tod 
left}, pure DNA lacks the frantic animation of tts 
HuTce, sea urchin sperm (below), shown swarm- 
Ing over an eee. The fision of Sern ani eve 

Cac SUP PivETie Tall the fereclitary characteristics 
Of he few OTs —-eneures apeches ocomitinuit 
ancl) diversity. As the eer divides; its chromosome: 
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the white and moved to another red, with 
which it quickly paired. 

Dr. Humphreys and his colleagues recently 
have identified a particular molecule im the 
cell surface, one of the large proteins with 
sugars bonded to it, This molecule apparently 
acts like a critical piece in a jigsaw puzzle. 
Only if it is there will two sponge cells recog- 
nize cach other and fit towether, 

Biologists find such “recognition molecules” 
all over the cellular world, Hormones, which 
govern body processes ranging from heart- 
bent to hunger, latch onto their target cells 
through tecognition molecules. It is the 
recognition molecules on our red blood cells 
that make us type-aA, B, AB, or O. We recog- 
nize an odor because its molecules fit the 


shape of specific receptors in our nose cells. 
The most intensely studied recognition mole- 
cules today, however, are the ones that play 
the pawns in our body's Immune system. 


Not only in his thoughts, his feelings, 
and his will, but in the chemical markings 
of his body each human individual is unlike 
any other that has ever existed. 





—S.T.. LURTA. 


NE OF THE PRIMAL NEEDS of an 
organism is to recognize its own cells, 
Otherwise, it might destroy itself. Con- 

sequently, each of our cells bas embedded in 


How our immune system 
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Karly warning 
Buoys ina shallow sea, protein molecules float 
in the oily cell membrane. With branching 
“antennas,” oF receptors, they sense the 
environment beyond the membrane and transmit 
messages to the interior. Some messages are 
routine. For example, when you sucka lormon, 
molecules in the juice mesh with specific receptors 
in taste-bud cells. But cortain messages trigger 
responses from cells of the immune system. 
Recognizing allen antennar on bacterial molecules, 
the cells signal a counterattack. 
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The defenders 


The defense department of the body's immune 
system headquarters in bone marrow, which 
becomes promonocytes, then monocytes — the 
potential attack force. Altered by the thymus 
gland, a second division becomes T cells, the 
signal corps. The third division becomes 

B cells, the supply corps. These three divisions 
make a highly mobile, coordinated brigade 
capable of detecting and destroying an invader. 


its surface recognition molecules that are 
uniquely our own, markers of our biological 
individuality. These surface markers are 
probably the reason, for instance, that a trans- 
plant patient's immune system triggers: the 
reiection of another's heart or kidney. 

The immune system also uses another 
sophisticated group of recognition molecules, 
called antibodies, to help it in identifying 
and eliminating such invaders as bacteria and 
viruses. The body manufactures many thou- 
sands of different types of antibodies, cach 
one shaped to recognize a specific intrurcler. 

They sre not large, these antibodies. A 
thimble would hold more than a quintillon. 
Some circulate through the body, binding 
to intruders andl to scavenger cells known as 


macrophages, which ingest the foreigners. 

Antibodies aid also in another of the im- 
mune system's lines of defense, that manned 
by white blood cells called Ivmphocytes. 
Many have antibodies on their surfaces, 
and when they recognize an invader, a com- 
plex reaction ensues (diagrams, below), Some 
hinphecvtes, ance alerted by their recogni- 
tien. molecules, attack the invaders them- 
selves, These so-called T cells begin to divide, 
quickly creating an army of identical de- 
fencers. They also summon macrophages to 
the scene and stimulate other lmpbocrtes, 
called B® cells, to multiply anc produce great 
numbers af the specific antibody needed to 
help deactivate the invader 

Usually when an antibody makes a match, 


wages war on Infection 








Plasma cell“ 
Antibody 
1 | a : | = [pear =” Victory 
Battle cry: Search and destroy itor) 

Bacteria invade, perhaps through a tiny scratch, and begin to Bacteria destroyed, 
multiply. Some become stuck to monecytes, activating them into macrophages take a 
more aggressive macrophages. Circulating randomly, T cells adhere breather. The immune 
to macrophages and to the bacteria. This linkage stimulates T cells system presents two 
to send three messages. One: Activate and summon more macrophages. urgent challanges: Can 
Two: Produce more T cells. Three: Signal B cells to proliferate and it be suppressed safely 
become plasma cells that produce and release antibodies — ¥-shaped so-the body will accer 
molecules: Antibodies latch onte intruder molecules, or antigens, on tissue transplants? 
bacteria and fink the yoke of the ¥ to them. The shaft of the Y attaches Can t learn to recognize 
to macrophages. They, in turn, envelop the bacteria, which are all cancer cells and 
consumed by enzymes and become harmless debris: destroy them? 


0) 


Tay-Sachs disease 


For about six months after birth the 
infant develops as healthy, happy, ane 
bright; everything seems fine, “Then 
physical and mental deterioration set 
in, progressing until the loss iz total, 
with death inevitable 

4 child afflicted with Tay-Sachs 
fide inhemts from each parent a 
reoessive pene that permits bithtup of 
fo fatty substance around cells of the 
nerves system. Dy, John O'Brien of 
the University of California at San 
Dieco (far right, above) discovered the 
mahne gene-coded enzyme that nor 
inal: controls haomful fat ace 
linn, Be also perfected u blood test to 
acricn potential carriers. Lecturing 
With a leht pointer, he mdicates a tell. 
tuk! amt on the retina characteristic 
of the cisewer, other slides show the 
lethal buildup around a cell nuclew 
(right above} and asingle fatty particle, 
highly magnified (right) 

Although anyven: can carry the Tay 
Sachs gene, I is mos Common amone 
persons of ematern Eoropean Jewish 
henitae. When both parents are carri- 
ers, cach pregnancy holds a 25 percent 
chance of producing the affliction 

At) Od Amesbrook Jewish Medtical 
Center in Brooklyn, which specializes 
in canng for victims inght, below), 
doctors routinely give tests for early 
diagnosis Even when both parents 
have: been identified as carners, they 
my St) raise 8 healthy family, By teat- 
ing a sample of the amniotic fluid sur- 
rounding the fetus: Tay-Sachs can be 
detected. If the test is positive, doc- 
lors muy discuss with the parents the 
difficult option of terminating the 
jCenMaAncy 

But how happy a negative teed! Such 
a test hae! predicted that half-day-old 
David (far night, below) would be o 
healthy son to Richard gor Barbara 
Coult—and a brother for their dawgh- 
ters Maile and Tammy, who flashes the 
Victory Sign. 
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Prenatal testing 


Sometimes there it ent reason to 


suisieect a-fetus moy be heir to 
erase penectic defect. Here obstetri- 
Sheldon Cherry (above 


Tuicl = ly 
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withdraws  amnioth 


Ln — means of @ needle piercing his 
preenant patient's abdomen. “The 
ia ] 0) A . chromonwmes, normally im pars, 
2% ik. Ab Ri x iy A a are analyveed for defects. Cmne such 
— ———_— — See eee (left) shows an extra copy of 
; chromosome number 14, which 
te Ag A*% Aan 6 wold lead to erly death be- 
Mie i and 9 CHESO Of gress abnormilities 
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its off the tntrucler 
withoul our even being aware of the War: oc 
casinnally our protectors lost. and we come 
down with a cold, the flu, or worse. 

Aut even when it loses, the 
battle lingers. The next thooe the same wivader 
ADPeAaArs, Our response & beller, quicker. We 
have, in other words, become immune 


our immune system fe 


more of the 


The cells of the immune system are prime 
subjects of study in man’s war on cancer. For 
one thing 
noma recognition mitecules, which should 
be red flags to the immune system 

“Why con't we reject our own cancer cells? 
That Is 


» & Cancer cell often sprouts ab- 


i major queston here.” said a 


} 





researcher at the National Cancer Institute 
in Bethestla, Man land. “Maybe we do. May 
be we reject hundreds every day and there's 


just one ‘that’s missed, and that's the one that 


rets ws.’ 


A hen is only an epg's way of making 
another egy. 


—RAMUEL, ALTER 


NE OF THE MOST ACTIVE AREAS 
in nology today is called cifferentin 
how cells become different 


Cith—rir 


from each other 


Each many-celled creature starts out in life 
as a single fertilized ege cell. Then clivision 
begins, each new cell aequiring identical 
genes. But soon different sets of genes turn on 
in different cells, producing different triits, 
New cells become more specialized, at first as 
inner body or outer body, later as liver, eve, 
or skin, 

“Differentiation is to me biology’s most 
challenging problem,” Beatrice Minty told me 


delphia. She showed me her unique approach 
—l mouse, quite norma in appearance, but 
with black and white stripes: 

“You are looking al what would have been 
two mice,” she sail “This animal has four 
parents.” 

But it was Dr. Mintz who had really made 
the mouse, and, with her collaborators, thou- 
sands more like it. She had taken embryos 
only a few cell divisions old out of mice from 
two different strams. In this case, one strain 
hac the genes for a black coat and the other 
for a white coat. She then placed the two 
embryonic clumps in a dish, clissolved the 
envelopes around each embrvo, and placed 
the two clumps of cells together. She later m- 
serted the new composite embryo into the 
uterus of a surrogate mouse mother. When 
born, the hahy mouse was a mosaic of two 
kinds af e¢lls, each with the traits of one pair 
of parent: 

Dr. Mintz’s mice let her monitor how pig- 
ment cells first develop, ancl, through the color 
markers. trace the cells’ lineage as the em- 
boos mature. Biologists have bred many 
genetically uniform. strains of mice. Apart 
from color differences, some. have various 
genetic disorders; some are susceptible to 
certam cancers. Beatrice Mintz’s mice offer 
one way to tdlentifv which cells first deviate 
from normal and then to learn how ther 
interactions with other cells during develop- 
ment may contribute to diseases. 

T suw muny other approaches to the prob- 
lem of differentiation. 

When | mentioned Donald Brown's name 
to a fellow biologist, she said: “Oh, yes. The 
Frog Man.” That nickname ts wnderstand- 
able, Frog posters, statues, mobiles, ash travs, 
and candles dominate his Baltimore lib of the 
Carnegie Institution of Washington (page 371), 

“It is ory fate,” he explained, “to receive for 
every present a frog of some kind.” 


Dr. Brown has four rooms that he calls his 
“frog farm.” They are furnished with bath- 
tubs, which, whenever we walked through 
the door, erupted with the frantic «plashine 
of hundreds of finny feet. 

“Why do blood genes work in blood cells, 
but notin liver cells or skin cells?” That ts 
how Don Brown explains his basic field of 
study. One reason he uses frogs is because 
their embrves are ensy to experiment with. 


Y STUDYING whal RNA the frog 
embryos’ genes wre making at any one 
time, biologists learn a great deal 

about how gene activity changes as an animal 
develops. They have discovered some sur- 
prising and sull perplexing things about the 
nature of DNA. 

For one, an inimal cell carries many copies 
cof some genes and only the basic pair—one 
from cach parent—of others Also, large 
amounts of DNA have no apparent function. 
Nobedy knows why it is there. 

What-all that extra DNA is doing is one of 
biology'’s great ricdles. Dr. Brown sugeests 
that some of if is used for genetic control: 
“There are genes that regulate the genes that 
make the protein,” 

Dr. Brown in 197 | isolated ain-animal gene 
whose function-was known, the second biolo- 
eretin history to do so, after Dr. Max Birnstie] 
af Scotland in 1966. Both scientists were 
working with frog DNA, Now Dr. Brawn is 
trying to isolate the pene responsible for 
making lk in the silkworm. 

“Our ultimate goal is to make these genes 
work in fest tubes,” he told me. With the 
genes freed from the complex chemical chat- 
ter within a cell, biologists could discover 
more easily the mechanisms that turn them 
on and off, 

The introduction of such genes into a barc- 
terum, & recent accomplishment, has poten- 
tial practical application. If the gene that 
codes for insulin, say, could be isolated and 
put into bacterin, the bacteria might be 
turned into little insulin factories that drug 
companies could harvest. Other bacteria 
might be designed to manufacture antibiotics. 

At General Electric’s Research and Devel- 
opment Center in Schenectady, New York, 
Dr Ananda M. Chakrabarty showed me a 
remarkable man-made bug. He put genes of 
four different oil-cating bacteria into a single 
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The fat was building up, destroying her cells 
and gradually her entire nervous system. 

There is no cure for Tay-Sachs clisense, but 
it is one of a srowing list of inherited dis- 
orders for which specific missing enzymes 
have been identified (pases 380-81). Many 
major diseases from diabetes to cystic fibrosis 
are caused by missing or defective genes 

A few days after visiting the Tay-Sachs 
ward, I watched, with a shudder, as New 
York City obstetrician Sheidon Cherry pierced 
the abdomen and womb of a preznant patient 
with a long hypodermic needle, [It was pain- 
less, the young woman assured me, as Dr. 
Cherry drew a sample of amniotic fluid, the 
liquid that cushions a baby in the womb, 

Analyzing cells in this fluid, technicians 
can tell whether a fetus 6 afflicted with Tay- 
Sachs or any of the other diseases for which 
the causative missing enzyme is known, 

At the University of California at San Die- 
fo | asked John O'Brien, oné of the leadine 
researchers on Tay-Sachs disease, whether 
biology might not come up with a way of 
dealing with ciserders of the genes 

“One thing we can think about for the chis- 
tant future,” Dr, O'Brien answered, “is gene 
replacement—to make the missing gene it- 
self. Then we might be able to tailor a virus 
that can carry the gene into the cell” 


ND THAT BRINGS US to one of the 
strangest of all living things—1if in- 


deed it does have life. A virus is basi- 
cally a litthe package of genes that invades 
cells and can cause problems ranging from 
the common cold to polio. Some biologists 
argue that viruses are not technically alive, 
because they lack the machinery to reproduce 
themselves. Instead, viruses invade a cell and 
commandeéer its reproductive equipment. 

At Caltech, virologmt Bill Wood showed 
me electron-microscope pictures of the virws 
he stuclies, one called T4, T4 looks remark- 
ably like the lunar module that landed Apolio 
astronauts on the moon However, it behaves 
more like a mosquito, alighting on the cell 
surface, driving a tubular shaft into.the cellu- 
lar innards, and thensquirting in itsown genes, 

Some viral penes attach themselves to the 
host's DNA. This kind of virus can cause can- 
cet in some animals, and perhaps in man, by 
changing the instructions the DNA sends to 
the rest of the cell. But because thev do act as 
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a shuttle into the gene pool of the cell, viruses 
ure potentially a key tool of genetic engineers. 

Laenetic engineering conjures up the image 
of a drugstore scientist taking vials of genes 
—one for beauty, one for athletic prowess, 
one for brams—and injecting them into an 
ege cell to make a custom-orderecd embryo. 
One af the resulting “eugenic” men or wor 
en might be a delight, two cood company, but 
three or more a drag on the civersity that life 
and most living things require. 

How far off is genetic engineering? In a 
sense, Its here. The men who isolate genes 
and crudely transplant them into. bacteria 
are the pioneers. 

“Tt would take at least five vears to identify 
and locate the gene whose absence is respon- 
sible for Tay-Sachs disease,” Dr. O'Rnen told 
me “Then we would have to decide whether 
we want Lo produce the gene artificially. Mak- 
ing a gene would be a very big, expensive 
effort. We have to ask whether, relative to 
such other needs as the conquest of cancer, 
itis worth the time and money.” 

What about the prospects for genetically 
enginecring traits like intelligence, beauty, or 
superhuman strength into human cells? 

Dr. O'Brien emitted something between a 
sich pnd a laugh, “There are theusands ef 
pens involved in eich of those traits. We 
can't begin to define intelligence genetically. 
What you ask is like going to the star Alpha 
Centauri. [t is technically feasible; we know 
we can go there if we want to spend the time 
and the money it would take. But to modify 
the human genetic pool in the wav vou sug- 
gest is so far from our current capahilities 
that it will be many generations after we are 
dead before mankind can begin to think 
seriously about doing it” 


Genetic engineering with plants is mot 
science fiction any more. [t's here. 
—TOSHH) MURASHIGE, 
PNIVERSITY CF CALIFORNIA AT WESTIE 


. LANTS ARE much more satisfying 
than bacteria.” Peter Carlson said as 


2. we walked past tall stalks of corn and 
pushed aside a thicket of tobacco leaves in 
his greenhouse. He plucked a gardenia near 
the greenhouse coor and handed it to me. 

“Tn nature a gardenia can't mate with an 
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iri hicl " t He Mis bringer ‘Strate Liniversits bi {re 


nist said. “But now we've found & way around 
that. It 1s possible to release plants from the 
Pesirilions of sex.” 

arcenia-orchits. Corn-sorghum. Wheat 
soybeans. Or “pomatoes”—hypothetical vez 
etlables with the fruit-bewrint foliage of a 
Lomalo and Lhe tuberuus roots of ua Polato 
To some botanists, it i just a matter of time 
until almest any type of plant can be hv- 
hridizer| with another nares 490K] 

Their technique, which is just in its in- 
fancy, ts first to dissolve the tough cell wall 
that encapsules plant cells. Then they fuse the 
naked cells, or protoplasts, trom two different 
niants, Finalh——and so for this has been -a 
complished ony with cells from twe types al 
obacco—they grow the fused cells into full 
blawn plants. More dramatic bvbrids than 


" s - | 
tobarce have been fuser. but the tech epee 





Lor crowing the fused cells into mature plant: 
remain to be worked out 

hat claves not mar the enthusiasm of the 
men ad women in the held 

‘orn is a very important crop in our coun 
ry, Gut Ib n't drought resistant,” said Dr 


eu 


Larson. “Sorchum © drought resmtant 


Wouldnt across between them be ideal 

‘Suppose you could introduce into wheat 
the HLA Ine Peres that Sime hate ri 
have, sue¢ested Toshio Murashige, horti- 
culture professor at the University of Cali- 
fornia @t Baversiic. “Loan vou imarcine how 
Much Wie a Sve? ON Pero ret cr 

“Or sav vou'd like to grow o navel orunge 
in Your backward in Bahtimore. There ari 


frost-Tesistant tvees of citrus. Their fruit, 





Unforluntely, lastes awa, But they have thi 
genes that enable the tree to- stand up to freez- 
ing weather, We may he able to teolate those 
Tenes Scrreria ifit| ‘it it them fi a Le ii’ Hicese 
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.«+ this really is the major problem of 
biotogy. How cid this complexity arise? 
—FRANCIS CHK, “OF MEN ANT MOLECULES 


WEN AS THEY EXPLORE the ad 
Yancing (rontiers of genetic engineer 


d Ing, biologists shill confront the deep 
basic mystery of science’ How clicl it all begin? 
Like an agitate! rei the oor in the ples 
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Univer 
aty im the 1980s. Ae placed tiny plugs fron 
carrot slices (thovwe) in glass flasks containing 
o Solution thal ¢auaed thinm to erow:, As the 
Nasks stowly-tevolved, they ielensed free cell 
that developed into poomal carrot plant 
eenelic copes of the oreimal carrmt (helow) 

Larbon-oopy animals, termed clones, havi 


been tide by a nelated process. The noche 
Of an unfertilized inee ere destroyed. The 
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“This is the primitive atmosphere,” said 
stanley Miller, chemistry professor at the 
University of California at San Diego, as he 
pointed to the transparent mixture of gases 
inside the globe, “And this represents the 
pomitive ocean,” he said, indicating a pool af 
water in the bottam of his apparatus. 

The atmosphere Stanles Miller was re- 
creating was that of the ancient earth. Dr 
Miller astonished his colleagues im 1953, 
when, as a graduate student at the Univer- 
ar contraption 
to produce a mixture of amino acids, the 
building blocks of proteins. 

Since then scientists have created not only 
amine acids, but most of the other important 
basic molecules of hfe out of the raw mate 
ris of the earth’s early atmosphere 





sitv of Chicago, he usect a simi 


methane, hydrogen, water vapor, ammeania, 
nitrogen, and carbon monoxide. They have 
done tt not onky with an electric charge, but 
also with ultraviolet beht and heat, each of 
which would have been abundant on the 
newly formed planet 

Much to their frustration, however, biol- 
ogists can still only speculate on how these 
simple arzanic molecules emerderd throwch 
Lhe cons as proteins and genes 





ORE BAFFLING still is how these 
proteins and fenes got together in the 
first self-replicating cell, The octels 
aginst the night molecules being in the right 
place at the richt time are staggering. Vet. 2% 
science measures it. so is the thme stale on 





which nature works. Indeed, what seers an 
impossible DCCUITERCE al any one Moment 
would, given untold eons, become a certaints 
And after that first cell appeared, it would be 
as ceriaun that bacteria, alent, and hicher 
forms of life could result from the wondrous 
mechanisms of nature. 

Interestingly, astronomers hove recent], 
[ound many of the simple precursor mole- 
cules of ble, such as hvclrogen cyanide ancl 
formaldenywie, in interstellar space. And sei- 
entists have identified amino acids in a 
freshiv fallen meteorite found in southern 
Australia in 1969 

“The organic compounds they ure finding 
in interstellar space are the same chemicals 
that we work with,” Dr. Miller explained 

“The formation of the basic building 
blocks of life is ‘Continued on page 395 | 
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Fusing a“ pomato 
Take one cell wich from a tomaio ond o 
potato; clissolye the cell walls idiagrom, 
above!) Fuse the unsheathed cells, or proto- 
plasts, into one cell, which then divides, 
bearing characteristics of both orgimal cells. 
Mant and—in theory—orow a pomalo in 
your garden, In actual practice, Dr. Peter 
(Carlson (left), inspecting wheat in his Mich- 
tean State laboratory, bos grown ao byberu 
tobacco by fusing proteplasts from two 
natural species of tobacce 

Dr. KN. Kao of Canoda’s Natonal Re- 
search Ceauncil has fused dissimilar speces 
inexperments. [In one, the dark protoplast 
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of barley (below, left) begins to fuse with 
the light proteplast of seybean. The fused 
cell divicles as woulda natural species—to a 
point Dr Koos superhyirids have vet to 
row bevond the bunedred-cell stage Sal 
the promise is enormous, hybrids designed 
to make their owt fertitzer through nitro- 
cen fixing, to be adaptable to a wide rane 
of climates and soils, to be disease anc pest 
resistant. A hungry world looks on 
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“ef Savage cell which some- 
how...corrupts the forces 
which normally protect the 
baily, invades the well-ordered 
society of cells surrounding it, 
colonies distant areas and, as 
a finale to its cannibalistic orgy 
of flesh consuming flesh, com- 
mits suicide by destroving 
its lyosd." PAT MCGRALNY, 

“TE SV ACE CALL 


WELL-KNOWN 
ol ax blind men and 
an elephant tells how 

euch oan tried ta un- 
derstand the beast by touchine 
Naturally, the 
one who felt the trunk vot a far 
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only one part 
different impressian fram the 
ont! Who grasped a. tusk. 

| sometimes think of the 
Cancer puzzle this wav, he- 
[rom so 
many cifferent potnts of view 
lt is no surprise that the virol 


CRUSE SCICnLStS Sef il 
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toa tumor virus, the geneticist 
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discerns an effect caused by a 
genetic mutation, and the de 
Yelopmental biologist pomts to 
an abnormal! cell 
tion. kvwen thouch none of us 
DETCeIVE Im 40 restricted a 
fashion as the bline] men in 
the story, the puzzle remains 
In Heces, some of which are 
missing, We cannot vel sev the 
whole elephant 

Why can we prevent polio 
with relatively simple vnocines, 
cure pneumonia with 
biotics, and vet make only 


differentia- 


ani- 


modest inronels against cancer? 
Line reason is that cancer i not 
one disease, but many The 
hunan conlains MyTe 
than a hundred different types 
of cells, and each of these can 
fo Wry In 1s own tlistinelive 
wav. The cancer puzzle is o 
whote senes of puzzles 

On the other hand, we recog- 
chiractenstics 
common to most cancer celle 
The most obvious trait of these 
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By ROBERT F. WEAVER, Ph.D. 


Neither plant nor animal, the 
lowly slime mele (lett) maw offer 
scientists a clue to the Jekvll 
ad-Abade transformation af a 

rell to 7 TUunIWway cancer 
one. Ey learme how thé simple 

ne 4 mle OTPANIETE chases rune wen 
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ik 


nechwnisos that aber huomnsn cells 


anvage cells is that they run 
amok. Chevy go out af control 
Consider, for example, what 
happens when you cut afinger 
accidentally Yer qui kl the 
cells arounel the inicision receive 
a signal to divide more rapicils 
and heel the wound Then, a 
as they accomplish the 
job, another sienal tells them to 
(own. Normal cel 
Wis obey this stow-cdown sign, 
PPRServing an exquisite balance 
between old cells dving. anc 
new cells Appewrine 

But renegade cancer cells no 
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langer obev, They continue to 
control until 
their voracious appetites over- 
whelm their 

Cancer celle show. disiress- 
ing ability to invade the ts 


divide without 





i. LI 
ee eet! 


siiets around them, cisrupting 
them anc robbing them of fro 


Worse, they metastasize, or 
spread. For instance, cancer 


cells may break off froma bene 
lumor, Muirrate through the 


bloodstream, and establish new 
tumors in the lungs. Once a 
tumor has metastasized, the 
cancer is much harder to treat 
This points to the importance 
of frequent physical exami- 
nitions and prompt attention 


jo the seven warning signals 


publicized by the American 
Cancer Society. 

These two characteristics of 
cancer cells—lack of control 
ever growth and tendency to 
invade—imply a third quality 
the ability of cancer cells to 
puss the malignant properties 
on to their progeny, cell divi- 
sion after cell civision. 

What togeers oo perfectly 
normal cell to lose control and 
become a runaway? First of 
all, there are environmental 
aments—substances in the air 
we breathe, the water we drink, 
or the food we eat. The World 
Health Organization ¢stimates 
that these ogents mav be as- 
sociale with 60 te GO percent 
of all human cancer. 

Sir Percival Pott first drew a 
connection between chemicals 
and cancer more than two hun- 
dred] wears ago when he elis- 
covered the hich tncidence of 
Scrotum cancer in chimney 
sweeps. The constant exposure 
of these unwashed bovs to 
carcinogens (cancer producers) 
in soot Inevitably took its toll 

These carcinogens are pre- 
dominantly hydrocarbons, sim- 
ilar to those: found in cigarette 
tar. Scientific data released by 
the Surgeon General of the 
United States support un- 
equivocally the link between 
Cigarette smoking and cancer; 
OO percent of all lung-cancer 
patients are smokers. 

Another environmental fac- 
tor is raciation. The sun's ultra: 
violet light, for exumple, can 


cause genetic mutations in ex- 
posecl skin cells, Sometimes 
levding to cancer. In fact, ex- 
tensive, long-term exposure to 
sunlight, especially among 
light-skinned -people, makes 
skin cancer one of the most 
common by pres. 

Emissions from. raclioactive 
materials can also make cells 
eo wild, as illustrated by the 
trace case of the wateh-lial 
painters of the early 20th cen- 
tury, These women used a 
luminous paint containing the 
muliocactive clement radium. 
To keep fine tip on their paint- 
brushes, they twirled them be- 
tween their lips: The radium 
they absorbed in this way led 
to @ high rate of bone cisease, 
including cancer 


[RUSES are a second 
cause of cancer, ot least 
In some animals. These 
iwents are tiny packages of 
genes without life of theit own 
that are capable of infecting 
cells and converting them to 
ViTus-reproducing machines. 
Peyton Rous of the Rocke- 
feller Institute performed the 
Classic Lumor-virus expenment 
in 1911 when he showed that 
he could produce a malignant 
tumor called] & sarcoma in a 
chicken by injecting it with a 
hltered extract of a tumor from 
another chicken, The filter re- 
moved all animal cells and 
bacteria, leaving only viruses 
as possible seects of cancer. 
Using similar technique, 
Virologists have linked tumor 
viruses with cancer in many 
species of birds and mammals, 
including primates. Recause no 
one would ever mtentionally 
periorm these experiments oan 
people, we do not have abso- 
lute prool that viruses cause 


any human cancer. But stucies 
suggest such arelationship, and 
it would be odd indeed if virus- 
es caused cancer in lower mam- 
munis but net in humans. 

If viruses cause cancer, why 
doesn't cancer seem to be-con- 
tamous? In some animals it can 
be. There are strains of mice in 
which almost all the females 
fall prey to mammary carcino- 
mi, or breast cancer. These 
“high incidence” mice inherit 
i tendency to contract the 
(lisease. However, if they are 
suckled by substitute mothers 
of a “low Incidence” strain, only 
ahout a third of them actually 
develop it. ‘This sugeests that 
the milk of the high-ncidence 
mother contains same cancer- 
preatucing agent. In this case it 
turns out to be an RNA virus, 
one that has tenes made of RNA 
instead of DNA, the usual 
venelic coding material 

But the normal way tumor 
Viruses act may be much more 
insidious than simple con- 
tagion. A controversial theon 
holds that all of us have, in all 
qur cells, genes for an RNA 
tumor virus. They may have 
entered our ancestors’ cellseons 
ago and have been passed to us 
along with our genes for eve 
color, stature, and so forth. 

Normally, these genes do no 
harm, but they sometimes 
switch on at the wrong time, 
with disastrous results. 

As implausible as this the- 
ory may sound, there is some 
experimental evidence to sup- 
port i. For example, we can 
crow chick-embryo cells tn the 
laboratery where no tuimer vi- 
ruses get to them. But if the ex- 
perimenter perturbs these cells 
with chemicals or rachation, 
they begin producing RNA 
tumor Viruses, This seerninglv 


Ay 





SL PF PAL A. Cie HATIOGS bBiFH dal Sa 


Dramatic shift of slime mold from amochalike feeding to plantlike reproduction begins 


when sunlight trigger change: in cell behavier. Droplets appear (left), producing tiny 


suulks (middle) and then thick clusters of spores (ight), which germinate new life 


When researchers better understand this process, they may be closer to n cancer cure 


‘pontaneous teneration of yi 
ruses means that the chick 
cells containec| in them genes, 
all along, the blueprint for an 
RNA tumor Virus 

This is not $0 surprising 
when we realize that tumor 
Viruses operate by wedging 
new DNA into the very @enes 
of thei hosts. Once this new 
DNA & in place, 1 may behave 
just as normal host DNA and 
he passed on from one cell to 
the next forever after 





THIRD possible factor in 
the cuuse of cuncer is 
simply our Gores’ im- 
evitable imperfection, Nature 
has endowed us with nearly 
pertect machinery for running 
our celle’ lives and especially 
for reproducing our zencs But 
a certain amount of imperiec- 
Lion remains, ged this allows 
for that rare mistake that will 
Improve our fenes rather than 
harm them. Without such er- 
rors, indeed, evolution would 
be much slower and our an- 
cestral life forms might vet be 
muddling about in their pri- 
meval ooze. The price we pay 
for accelerated evolution & a 
small, but sigraiicant, tendency 
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to make mistakes. A mistake or 
scries of mistakes in the @enes 
that control cell diviston could 
tree the cell from its normal 
TeSLALnts, With dire resulls: 

“A final factor does not bear 
directly on the cause of can- 
cer, but is nevertheless an im- 
portainl elementin the develop 
ment of the disease, This is the 





bedk'’s invaluable immune 
evetem, which fight: clisease 
Many investigators suspect 





that cancerous cells arise daily 
in all of us, but they are chi 
ferent enough trom our norma! 
cells that thev alert the immune 
system, which kills them before 
they cause trouble. Rarely, this 
Immune system fails lo operate, 
Of & mw cancer succeeds in 
eluding it unl the canter is 
ton big to cdestros 

We Suspect that the svstem 
bewins to fail in aging animals, 
Which might explain why can- 
cer is primanivacisease of old- 
er people. But there is evidence 
that cancer cells can also cam 
yes by hiding 
These 


sre is 





outlace thenise 
their surface antigens 
proteins ordinarils 
flert the backs ammune defens 
es, bul if they are hideen, the 
tumor can crow with impunity 


We have examined several 
probable causes of cancer, but 
we have not really probed the 
cnitical cellular events that tede 
the cell to break tts bones anc 
begin crowing wildly, To un- 
derstand these events i to be 
qbte to bey to feverse them ariel 
thereby cure the disease. But 
this understanding i the mast 
elusive of all 

Some scientists view the 
problem in strictls 
tem: Lancer is caused! bv miu- 





rennet 
tations, alterations in a cell's 
DNA, So that a kev gene, or 
Group of genes, no longer Works 
onoperty. These mutations may 
be caused by known carcino 
CHIE AeTES ih lurching Chemi- 
cals, Tiicliation, and perhaps 
tumor VIrlises, 

Cihers take a broader ap- 
proach: Cancer may also have 
a more subtle cause, one that 
docs not involve changes mm the 
genes themselves. To wunder- 
stand this, consider the normal 
development of a human fetus 
At an early stace of the baby's 
hte in its mother's womb, it 
conpists of only a few cells, all 
Then 
hy a wendertul but still very 
mysterious 


identical in apypenrance 


Drocess, som of 
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these cells cifferentiate, of 
change. to liver cells, others to 
brain cells, and so forth until 
a complete baby takes form. 

And vet, virtually all the 
cells in the baby’s body, wheth- 
er they are liver cells or brain 
cells, contain precisely the 
same genes on identical strands 
of oNA. This means that a liver 
cell somehow keeps its genes 
for brain proteins turned off 
anti switches on its lver- 
speciic penes, 

In the same way, cancer may 
Tepresent an abnormal type 
of differentiation in which cer- 
tain “normal” genes cease to 
function, a5 “mahenant” genes 
are turned on. Such a switch 
ought to be reversible, and 
experiments suggest that can- 
cer can indeed be turned off. 

One of the most dramatic of 
lhest experiments concerns & 
kidney tumor in the leopard 
frog. In the 1960's Dr, Robert G. 
MckKinnell and his colleagues 
at Tulane University in New 
Orleans took nuclei containing 
complete sets of genes from 
such tumor cells and placed 
them in frog ¢ges whose own 
nuclet had been destroved. [tts 
wontlertul enough that some of 
these “fertilized” eggs grew into 
tadpoles: it is marvelous that 
the tadpoles were completely 
free af cancer. 

lf an irremediable change 
had occurred in the tumor cells’ 
DNWa, this defect would with- 
out a dowbt have been passed 
on to the eggs along with the 
donor nuchei, thus leading pre- 
sumably to cancer in the recip- 
ients, But no sign of cancer 
appeared. In the environment 
of healthy egg cytoplasm, the 
dorner nucleus acted normally, 
whereas in the old tumor cell 
it was partner in malignancy. 


Tie Cancer Paccte 


F HAT FACTORS in- 
/ fluence genes to be- 
¥ ¥ have normally in one 


context and abnormally in an- 
other? Perhaps this is almost 
the came as asking whut causes 
ordinary cell differentiation. I 
fel certain that the answer to 
this question is a key piece in 
the cancer puzzle. 

In my laboratory at the Uni- 
yersity of Kansas, we are 
attacking this question by 
studying differentintion in a 
primitive form of life known us 
a slime mold. In nature, this 
usually bright-vellow mass of 
protoplasm lives on the damp 
forest floor, feeding on rottine 
leaves und tree stumps. Such a 
simple organism, neither ani- 
mal nor plant, which is not 
known Lo gelcancer, may seem 
an unlikely subject for cancer 
research. But its simplicity (be- 
lied by its long Latin name, 
Physarwm polycephalum) and 
ils distinct stages of differentia- 
lion make it much easier to 
study than mouse or man. 

We are focusing on one type 
of differentiation in the slime 
mold: sporulation, of the de- 
velopment of spores. When the 
yellow, growing slime mold 
runs out-of feod, it crawls up 
into the sunlight. Then it un- 
derzovs a profound change, 
sending up slender stalks with 
multiheaded black caps con- 
taining thousands upon thouw- 
sands of dormant spores. The 
wind carries: many of these 
sores to new regions where 
food abounds. There the spores 
germinate, and the life cvcle 

During sporulation certain 
genes that are needed for spare 
formation seem to switch on 
while others necessary only for 
erowth turn off. This gene 


switch-on, switch-off probably 
also occurs during the devas- 
tating translormation of a nor- 
mal cell to a cancer cell It is 
true that we are studving the 
turn-on of sporulation genes 
rather than cancer genes, but 
gene turn-on is such a funda- 
mental lite process that it is 
likely to work the same way 1n 
both cases. 

Mike Wormington, a grad- 
uate student in mv laboratory, 
has demonstrate! that licht 
trigvers sporulation by activat- 
ing one of the slime molc's vel- 
low pizments, When he isolates 
and purifies this pigment from 
the slime mold, shines a bright 
hight on it in the test tube, wand 
then injects the activated pig- 
ment into a sturved, unillumi- 
nated slime motd, the latter, to 
our pereat satisfaction, almost 
always sporulates. 

Mike wnd three other stu- 
dents, Chong-Gun Cho, Dennis 
now tackling the more difficult 
problem of tracing the steps 
that must intervene between 
pizment activation and ulti- 
mate sporulation. These are the 
steps that we expect will be 
analogous to these in cancerous 
transformation, 

Even if cancer were not a 
momentous problem, the quest. 
for an understinding of cell 
differentiation would keep us 
coming back to the lab each 
morming, our hearts beating ot 
little faster as we open the 
drawer to see whether our 
slime mold has <porulated over- 
night in response to its lutest 
injection. But we also hope 
that a better understanding of 
cell differentiation tn this lowly 
creature will contribute, in its 
small way, to a solution to the 
cancer puzzle. ‘a 
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OR HOW many milienmums has man 
marveled at the force that sprouts a 
seed and drives its green shoot toward 

the sun? Or pondered the puzzle of how like 
begets like? To ancient harvesters and herd- 
ers these mystenes of hie were the workings 
of unpredictable spirits. Karly Greeks, how- 
ever, made the stucty of life a science. 

Aristotle, the first great biologist, deduced 
that life begins in advanced animals when an 
“Tnngte heat” in the male seed energizes panel 
vives form to a shapeless embryo in the fe- 
mile. But he was baffed by the origin of 
smiuuill creatures that lacked obvious seeds or 
eves. Well beyond the Middle Ages, serious 
men maintained that toads arose from the 
mud, maggots from rotting meat, anc snakes 
from a lacv's tresses dropped mto arain barre! 

Not until the invention of the microscope 
and the discovery of the cell in the 17th 
century cid biological reality begin to emerge 
The metheval mince had ranked life in de- 
grees af perfection. from angel to man to 
vermin. As it became clear that all creatures 
were built from cells, the logic of the old 
chains of being no longer hele 


LEEUWENHOEK 


In the mid- 1700's Swedish botwnist Carolus 
Linnaeus guve anew order to the living world, 
nioneering the svstem we now use to classify 
al plants and animals into kingdoms, phvha, 
classes: orders, families, genera, and species 
Man soon had to accept, not without resis- 
tance, that he himself was an animal. In 1555 
German pathologit Rudolf Virchow theo- 
rized that all living cells arise from preenisting 
living cells. A vear later Charles Darwin mace 
the stunning proposal that modern species 
had actually evolved from simpler life forms. 

Biologists then found that the juices with- 
in the cell, the very catalysts of life, are built 
from the same lifeless clement: that compose 
air, earth, and ocean. Today laboratories are 
competing intensely to explain how these 
chemicals—DNA, RNA, and myriad proteins— 
work their wonders, 

Progress in biology comes mostly through 
the thousands of unsung experimenters who 
slowly develop and test hypotheses. Yet bi- 
olozy has known ¢ciants whose contributins, 
either through a lifetime of effort or one bril- 
liant insight, have broken ground for im- 
mense horvests of knowlecige. 


“AO Mote pilrakant sight has met my eve 
than this of <9 many thousands of living 


creatures in one amall drop of water,” wrote Anton van Leeuwenhoek in 1676, With his 
discovery of protozoa and bacteria, Leeuwenhoek, an unsehooled Dutchman, aston. 
Shed the 17th-century intellect. Today we would scarcely recognize his lenses as micro- 
écopes Some of them, smaller than peas, were set inte large metal fight shields, like the 
ene on the table. Many had to be hand-held before the tight Until his death at 9, Loerw- 
wenhoek drew and described the domains of nature, from the housefly to microbes from 
his oan mouth, here drawn and designated Ato Gy on a work sheet. To discover why 
spices such as pepper, shown dissolved in vials, and nutmeg, at rizht, pricked the palate, 


he examined them particles for tiny barbs. 
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hemeatics, Gregor Mendel (left) founel 
in the backyard of his Austrian monastery 
what had elude science's most himinous 
minds: the laws of heredity, 

Mendel crossbred earden peas te deter- 
mite how effepring resemble their parents 
He found, for instance, that the hybricl 
sctils from crossing 4 green and a yellow 
pea preduced an F, generation af plants 
bearme only yellow peas, However, the 
F, plants; when self-fertilized, prociuced 
an F, generation in which one out of every 
four plants produced green peas. When 
these green peas self-fertilized, they pro- 
duced only greens. As for the remaining 
F's, one produced only yellow offspring, 
while the rest produced three yellows for 
every green. Yellow coloring was. what 
Mendel termed dominant; green was re- 
ceaive The three-to-ome ratio in which 
these traits reappeared in succeeding gen- 
erations fed Mendel to propose that inherit- 
able characteristics are poussed on, mot 
randomly, but by discrete factors we now 
call genes. Unfortunately, Mendel was 
ignored. Net unti] 1900, 16 years after his 
death, did the scientific world discover the 
prand achievement af this modest monk. 


‘Acro ) In the 1Ah0's 
PASTEUR fo x 
taht the French bow te keep wire from 
sourime. That alone would have made him 
aritional here. Pasteur (right) proved the 
veasts that turn rape sujmars into wine pre 
living beings, and that fermentation is u 
product of their digestion, This showed 
that basic life propesse: are chemical re- 
actions. Therefore, killing the yeasts by 
fenth: heating, or pastevrization, prevent- 
ed the wine from going bar. 

Pasteur destroyed the popular belief that. 
microcrgunicms and other lew forme of life 
fencrite spontanecusly from cust, rotting 
Meat, or dung Each microbe, be proved, 
comes from cin existing microbe. Pictewr 
was the first to establish the basic cvele of 
life: that all living beings eventually be- 
come food for microorzaniams, which in 
tum become fodder for new life 

Pasteur concloded that such microbes, 
or germs, are what cause disease, anel he 
became an early crusader for the use of an- 
tieeptic techniques He alsa developed 
VacInes aged mibies and, working with 
Sherp, against anthrax 








LA 


VACCINATION 


CHARBONNEUSE 


— es 





THEORIE. pps GERMES 


SES APPLICATION 


i, OPC py ey Te 





: | 
| - ' r i 4. - i" 

—a = 

-— i 

uf " 

— i 

i 
i —_— — ae 


a | = ae, | ' For Heuwriy twenty’ VEars 
MORGAN Thomas Mant Morgan's 
“fy roam” at Columbia University was alive with 
bottiefuls: of the fruit fy Droropiila—and with 
some of the greaiest minds ingenetics. Drosophila 


multiplies rapidity and has only the four pairs of 
chromosomes avmbohzed in black above. Morgan 
found tt idtal forstudving how épecific traits are 
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transmitted throueh many renerations. Charting 
the family trees of fruit flies with such mutations 
as stunted wings, asymmetric borlies, and mis- 
matched eve coloring, Morgan elaborated on 
Mendel: proposals, working out the details of 
inheritance. Thanks largely to Morpun’s i926 
hook, Tie Peery of the Gear, genetics was ac- 
cepted as a legtimate anm of biology. 


Nationa Geeeraphic, Seprember 1976 
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California's 
Surprising 
inland 
Delta 


By JUDITH anp NEIL 
MORGAPS 






Photographs by 
(HARLES (YRKEARK 


GENTLE THRASHING: SOUND come 
With dawns velvel mosinegss, and wi 
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a ee | hing thr iin the en fi HOT Ol OUT 
réntedd househout Tt was an unexpected we 
come on our first morning in the (alitornia 
Lee lta 

dikerd island: 


1s we sleot, we hacl been liltec =r feet 


A JIS mize of rivers, sloughs. and 


among the limbs by a lide pushing sixty miles 
Le Pa oe 
inriver from San Francisco Bay, Now we 
Pi ! i 
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Vl ke Loum n River, is murky ereen water 
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Ninlane zoomed up from behind the levee 
turmet, and disappeared. The faint scent of 
chemicals drifted back: Curious, we Jumpet 
achore Leh UIT ere io the levees crest 
Stretching away like avast Me pan, twenty 
feel deep, wis a Slaritl Weep Erect With 
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wo sn crowe in the Stockton | eT 
Water (channel. but these hoseboaters m 
LAT CT the Gassing 
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feichter. Around them, waiting tn hi 


biplane skimmed below us, dusting fertilizer: 
Two brown plumes of peat dust rose in the 
air, marking the movement of distant trac- 
tors. At our feet, rusty pipes siphoned river 
Water over the levee to the fields. Nothing else 
linked! this scene of mechanized farming with 
the water labyrinth behind ws 

Few but farmers and pleasure boaters 
know this delta, and they are curtained from 
cach other by 1,100 miles of levees that rim 55 
islands reclaimed from marshland. This is 
the water crossroads of California, where the 
state's lonmest rivers—the Sacramento and 
San Joacquin—meet to flow westward to San 
Francisco Bay and the Golden Gate, Like 
coastal deltas it is triangular, but this one lies 
iniand, behind mountains It extends no more 
than 70 miles on any side (map, right). 


Green Heart of the Golden State 


The California Delta is an isolated remnant 
of other times, woven in its own watery web 
near the center of the nation’s most populous 
state, Cinlv nine of its ishands have towns, 
none lurger than about 1.000 residents. No 
major highways cross it, and Californians in 
a hurry avoid its ponderous drawbridges and 
tiny cable fernes. Some farm ishancls, owned 
by affluent city dwellers or corporations, are 
inhabited! only by foremen and laborers living 
in barracks, Others, like Bethel, are rimmed 
with marinas serving pleasure boaters from 
the cities, Same, like Venice, are owned by 
hunting clubs. Their cornfields jure ducks ancl 
peese migrating along the Pacific fivway. 

The people of the delta recall the passage of 
years not by civic thumphs but by natural 
disasters. The levees give them a tenuous 
hole on the land. It can be lost when flood- 
witers from winter rains and melting Sierra 
snows suree through the delta on their way 
te the Pacific, or wind-whipped tides drive up 
from the sea. Even a tiny burrowing anima! 
can cause a catastrophe by weakening a levee 
against the gnawing current 

We stood atop a levee one day with Ed 
Wilson, a manna owner who serves a5 a 
trustee of the Andrus Isiand levee district. 
From beneath bis battered cap brim, Ed 
looked warily out on the broad waters: 

“Bvervthing cepends on these levees, and 
when they go it's chans,” he said “We had a 
break here in 1972, in the middle of the night. 
That water was like a torrent, rushing inte 
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the weld fever died, farmers-turned- forty- 
“niners turned farmers Amin, diked swamp 










iN oy. It was just a swarm to b 
| bypassed by gold-rush prospectors, When 


by shovel and wheelbarrow, and ‘planted 
wheat. They reaped a phenomenal 50 bushels 
to the acre (today Kansas averages ulvout $5), 
and the great California land (rush was on. 
Battalions of Chinese, paid as little as 13 


‘tenis for each cubic yard of dirt moved, built 


more levees Later, steam-powered. clamshell 
dredges did the Work for five cents a vardin, 
By 1930 more than-700,000 acres hast bie 
reclaimed. Delts-sail—tich peat in the south, rich 
loam in the northwashed down from mountain 
gold workings—ranks amonicthe world’s best... 
The problem is, somecol this vanishing. 
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“GUNKHOLING,” in the boaters 
dictionary, means pursuing 
the essentials of life: dipping 
foes in cali water, poking 
up a slough, napping in 
the midday heat. 

For younesters on a sailboat 
moored near Tinsley Ivlane, 
fale means swinging 
from a spinnaker, ballooned 
by a gentle breeze. 
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wna Tifa Wheat. thee liver once shower and 


DUC -PTeeN ASparais ferns 

Ten miles northeast of the Stambaugh 
farm he Shop ysl ta Rick the curt in & tr Lenvan ci 
field. Tt brake -into Heaw chunk 

“When vou met cloc like this, vou're out of 
the delta.” he sacl. “The peat is gone. Vou'r 


in cathe countrs 
Iwo Wave ta Pick Pears 


We turned south to the village of Courtland 
and followed the sound of mariachi mts 
iri] thie arora ii harhe lie to aA ehiecds wateen 


Vard and the annual Pear Par. [im Dahtberg, 
est-control wdviser, was presiding ovet 
booth where delta farmers, whose [war oT- 
harcs are among the most Procnwehive im Oh 

world, were bringing them prize fruit 

“The largest so far is 14 ounces,” he suid 
“But we'll get biewer ones by evening. The 
record pear was picked in 1973. Jt werehed 
LW mounds hur OUNCES 


Ntaroy, In Lens Lears orchard, peat 


—_ ‘ ¢ A = . fe ar f'n 240 
pickers—many of Mexican and Pilipino de 
scent—oot oH labor contractors’ buses and 


leaned) laricders avsinst the trees beers pili Kee 
by hand, ¢aeine the fruit into shoulder bag 

“There are two wavs to pick pears, said 
Gary Hon, a voung Japanese-American who 
Upervised Che pau kine shel Ether tiv th 
hour or the piece Tf vou ray ty Lhe piece, VO 
pickers tear along and hurt ihe pears. We 
by the hour to be kind to our frat” 

Across the Sacramento Kiver we % ited the 
huddle of plank sidewalks, leaning walls, and 
Verhaneme balconies called Locke DALES 
429-24. Tt 16 only three blocks long, with few 
cr than &0 residents. Hut it holds bittersweet 
ties for many eltieriy Chinese 


Phen ancestors came as laborers to. thi 


gies 
rom the goldfields. anc later from fans 


re 
— 
i 


that lad the e@urly railromis. in the |R450"s 


ome Of Them Guilt the first levees with shovel 


Working nine hours a dav. seven divs a 


Werk, Migrant held fhancks dont have mur! 


be tien: camp near Clarksbury, 0 ven- 
dor offers clothing sod radia 

Migrants follow crops all across the 
western United States. (her workers, sucl 
as these watching an Ulecal cockhieht nea 


Isicton fright), stay in the delta vear round 











and wheelbarrow, then farmed the land they 
had helped to reclaim. Always they sought to 
live amon? themselves: Locke is the last of 
their frail wooden villaves to escape fire. As 
we strolled a narrow «treet, three venerible 
Chinese stared silently past us as if to erase 
our presence or theirs. 

Pouutine Stambauch tied a door but found 
it bolted. “T was postmistress nmecht there for 
23 veors,” she said, peering through a cracked 
and dusty window, “It was the Depression, 
and I needed a job. Locke was wide open then 





To build « better mansion than hod one of 
he Teighbors, leinker Lows Myers spent 


more than 3300,000, Faropean craftsmen 
molded tie, sculpted walnut paneling, cul 
marbhe, and instalhed o bowling alley in the 
basement of River Afansion (left) on Stean- 
baat Sloweh. Rain-chillecd from anh when 
his levee broke, Mvere got prewmonia ane 
died in the still-uniinished hotise in 1922: 
Fruit painted on « pons ’s hide fabove) 
celebrate: (Courtlaned’s wntual Prar Peer 
[he crop brings milhons af dollars to delta 
orchardisis wed ranchers each vear 


California’ Asrorininy fpdared Delta 


—fan-tin parlors, opium dens, girls. Hut you 
dictn’t have to see anvthing. | could speak a 
little Chinese, and the people truster me. Lf 
they were sick, [cl call the ambulance or tell 
the cloctor what was wrong. [fstrangers came, 
the Chinese wouldn't speak until | said it was 
OR. Bot then people started moving to. the 
cies, and one day Locke just didn’t need a 
post office anymore.” 

At sundown we returned to our houseboat 
nmong the trees of Snodvrass Slough: Early 
the next morning. we hiked back to Locke 
lone a rained track dand watched the villazve 
uwaken with the melancholy groans of an old 
ship cut mcbrift. 
bier é lot heshine< hancerl if the i iru bel he a 
flaking walls; nppled boardwalks creaked 
underfoot in reply. Finally a key turned in the 
door of the Yuen Chone Markel and we went 
in to vist (Connie King. who brickes the eth 
nic #ap in JLocke anc often acts as interpreter 

“We have mostly old bachelors left in 
Locke,” she said. “Our town is slowly dving 
Chur children are gone, We have maybe six 
teenagers, but they'll go after they finish high 
in Courtland. ‘There is nothing for 
them here.” 


Fraverd ropes that once hacl 
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Will the Last Chinese Town Disappear? 


Ping Lise, a bender anmnone the (Chinese who 
remain in these river towns, 18 a merchant in 
nearby: Walnut Grove 

“Locke may be the only town left in Amer: 
ito that was built entirely by Chinese,” he 
smd. “It should be preserved. The Locke fam 
iy hers own the townsite and want to sell, 
but our people can’t afford to buy We're look- 
in¢ ior a way to save Locke” 

Walnut Grove 4 much more substantial, It 
was founded early in the gold-rush vears asa 
port for river stewmwrs. It has small Chinese 
and Japanese neighborhoods on the east hank 
of the Sacramento: Om the west, across 4 
drawbridec. lacy Victorian houses flirt with 
the solid brick homes of merchiunts and furm- 
ers. The volunteer fire department maintains 
tuto tocks on the est licarik ach three (iti the 
weelin cause the bridge & up 

From Walnut (rove, Warcen Bill Slawsean 
patrots the delta in his outboard skit, check- 
ing fishermen’s licenses and pursuing hunters 
Lempted to excess by the abundance of water- 
fowL Ower his basement bar he has posted the 
code once used by the late Juclee Milo Dve to 
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Classify offending fishermen. In his records a 
fisherman was marked K for Regular, L fot 
Lied, H for Hid the Fish, H & L for Hid the 
Fish and Lied. and S for Stmker 
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we spotted our own boat at anchor, hall hitel- 
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Stockton shin channel, an ocean freighte 
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Jong a 7O-mile route througn the delta 

Light mail today,” he said happily, 
ing a Stockton Post Office letter bit 


wheel of his outboard 
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Its clo obocune houses mow bent with age, Locke 


In the twentes rogren as held workers streamed 

Inte its saloons and S11! Wet A Tew Cory 
' ] a 

mnsthy (Chimes here now. In Isleton, voung 


irl in o red sweater darted, waving, to meet 
La 
puller the rope on a mailbox and took out 
letters addressed to Mexico. In: then 
nace he left a Sears catalog, JV Gewide; and a 
letter from falisco marked SPECIAL DELIVERY 

“Tt must get lonely here for these workers," 
Lew sick “But Dtell them not to bet their fam- 
ies spend extra. My deliveries are as special 


Lou, clinging to the deck with one hand 


three 


2S VOU Can bet” 

soon the bunks splaved away, leaving us in 
a choppy inland sea. “This is Franks Tract,” 
Lou shouted, gapping the wheel.“The 
open Water in the delta, and the roughest. The 
wind can beat you to death, This was all a 
farm island before the levee broke mm 1938 
Last too much to pump it out, so they beft tt 


Great place to catch stripec 
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fet your tine tangled in an ole harvester.” 

[it seemed wrong to be there, like walking 
On @ grave, and we were @lad to pull into a 
snug channel and eup by a chump of cotton- 
woods at Happy Isle Lou jumped out to 
creel Vera ancl Carl Muaertins, two jovial 





[nis ve- 
acre land in 1963. “We've been picking 
blackbermes,” Vera sad 

We sat beneath alder trees on a Lich, lawn 
beside @ rotted rowboat m which tomate and 
squash plants blossomed 

“There's no telephone, no road, no ferry,” 
Vera said. “We keep our car on the levee road 


across the slough and go over by outboard 


refugees fram city life who leased 


“Come have some.” 








when we need to go to market.” 

'T get. kind of is- 
land bound when the tule foe settles in and 
vou can't see across the river,” Vera admitted 
“But tt never lasts long.” 


It can be lanely in winter 


“Bectiloes May Bring Cheaper Meut 


As we skimmed away down Middle River: 
a train whistle sounded overhead, and the 
cninneer Waved as he clanked over a trestle 

“That's the Amtrak fram Oakland.” Lou 
sand, checking his watch. “He's late today too 
Usually we pass before noon,” 


lands deep in fragile peat will mot support 





the weiutht of cattle, but on nearby Holland 
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Patrick. Chinn stands with his grandfather in the family general store (left), Patock’s 


erent-priincdiather cine frotn Chine to work on the Northern Pacific Railroad. Mrs. Vasu 
Rawumiira (hl who came to Walnut Grove in 1914, learned tospeak only alittle English 


But she's never foriotten ikebinm 


flower nttanzine—n- skill learned in ber native Japan 
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Wheat for India, walnuts ani canned 
asparngus for Europe, cattle feed for japan 

Melty harvests eo apho ool Lhe weir lal 
from inland ports of Stockton and Sacra 
mento. Like «a swarm of yellow-hwcked 
beetles, trucks wiut to unload ther wheal 
on a pier at the Portof Stockton (night) 

The Liberian freiehter Aor! [ff iabowe'! 
MINIS A Sseven-knot pace in the narrow 
’—cTamento ship channel [7 thé skipet 
went much faster, his wake micht damian 
the toan-mane banks 

The freighter is hidden to its gunwales bs 
the levee, boundary between water on 
earth im the delta and wusaranior af privaec 
Pleasure boaters can't see the farmers 
Farmers cant seo (he boaters: * Aut we hear 
the waoter-skicrs, ays A Tartmers Wile 
"Them and their darn noise!’ 


he henge yt 


i eee 
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Tract, where the soil is sancier, we saw hun- 
dreds of animals called “Beefaloes.” A cross- 
bree) of cattle with buffaloes, Beefaloes— 
which are three-eighths buffalo—are long and 
praceful, with small heads and high haunches 

“They calve easily, thrive in hot or cold 
weather, and fatten on roughage,” said Ray 
Armett of the World Beefalo Association, 
“They'll eat almost anvthing, and reach mar- 
ket weiht in half the time a beef steer takes. 
The meat tastes good, and it's high in protein, 
We think BHeefaloes can lower meat prices 
when encugh of them become available for 
slaughter.” 

Innovation is a tradition in the delta Ina 
nvertront house at Rio Vista we talked to Al- 
bert (Fum) Jongeneel, a genial giant of Dutch 
parentiae who was born in these nether lines 
and has been a leader in agricultural change. 

“Once,” he said, “1 supervised farming as 
many as 20,0(M) acres in the delta. Used to 
have 300 workhorses, now vou can't find one. 
Delta farming started with Chinese field 
hands, then Japanese, Ttalians, Portuguese, 
and Hindus. After a while they make a stake 
and go on ther own. In the 1930's the Pili- 
pines came and finally the Mexicans. Mostly 
now. it's machines But they cost so much I 
don't she how a young person can get started 
farming today. Down the street they make 
tomato harvesters that cost 3110,000 each.” 


Huge Picking Machines Take Over 


The search for machines has obsessed Fur, 
He developed a mechanical beet harvester, 
then challenged experts at the Davis campus 
of the University of California to invent a 
tomato harvester. They succeeded in devel- 
oping a hybrid tomato sturdy enough to sur- 
vive such a machine, one that ripens uniferm- 
lv so that the whole vine can be harvested at 
once: The harvesting machine that followed 
has eliminated the use of most field laborers 
in the California tomato harvest, which pro- 
Vides 85 percent of the nation’s processed 
tomatoes, many of them grown in the delta. 

In late summer and early fall, big tracks 
heaped high with tomatoes inch along delta 


roadsides like scarlet necklaces, waiting their 
turn to unload in processions that reach half 
a mile in length and continue dav and night 
for 13 weeks, The tomatoes jire processed st 
factories that ring the delta. Nearly all the to- 
mato paste and half the catsup consumed in 
the United States come from these canneries. 

In the clattering, hissing hubbub of a can- 
nery at Thornton we watched torrents of red 
spurting into 55-2allon drums 

“About 60 percent: of our tomatoes go into 
juice,” shouted George Cox, the manager. 


Tons of Tomatoes for Spaghett: Sauce 


The name Tillie Lewis has meant much to 
tomato people for vears. We found her at her 
Enulish-stvle manor in Stockton (page 412), 

“The harvest is just besinning,” she sai. “I 
would guess it will be a 6,500,000-ton crop 
That's 650,000. tons for us. We're 10 percent 
of the California tomato industry.” 

Tillie was a Brooklyn girl who, as a teen- 
ager, helped out ina wholesale import market 
and wondered why American tomato paste 
was less piquant than Italtan, The secret, she 
decider, was the pear-shaped Italian tomato 
Called pmnodare. 

“It won't grow in this country,” she re- 
members being told, But in 1935, after travel- 
ing in search of soil and climate like those of 
Naples and Palermo, she borrowed £10,000 
and leased 20 acres of delta farmland to plant 
pomodores. In 1966 she solel her firm lo New 
York's Ogden Corp. for 314,500,000 and 
joined Ogden's board. 

“T used to climb up on a box to watch the 
tomatoes roll past,” she said. “It's a beautiful 
sight. At mv plant one day in 1936, at the 
height of the harvest, a man ran up to me— 
you could always see me because of mv long 
red hair—aned said: ‘The boilers are down! 
[tll take 36 hours to fix them. What wall we 
clo? In. that time. enough tomatoes would 
have spoiled to take the year's profits: 

“| had to get steam, so I thought and 
thought, and finally raced for the Santa Fe 
station. They rented me two locomotives for 
15 dollars. We shunted them to the plant, 


Label the lighter fields corn, wheat, and safflower, the darker ones asparngus, 
berries, tomatoes, ancl pears. But color them all bountiful. Same corn farmers in 
the Clarksburg area of the delia harvest around 200 bushels te the acre—about 
twice ae much as the average yield in Iowa, heart of the U.S. corm belt 
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National Geographic, September 1976 
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rune Up a pipe, and saved the crop. In this 
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It has always taken boldness to succeed in 
Lhe delta. Dhe chamshell credge improved on 
the (Chinese <chovel and Wheelbarrow fot 
building tevees. Pumps were brought in to 
ruititein chelia farms that lav below sea level 
Seeking wave to keep the hooves of thet 


farmers devisedawkward 12-imnch-wicle horse- 


shoes to distribute the animals weleht 


norses gd mules [rom sinking in the peat, 


Delta Tractors Gave Birth to Anny Tanks 


When We visited Michael N. Cantlts. sherifi 
of San lowcquin Count We learned more about 
stringe delta machines ris othce is a bunker 
of memorabitia second only to Steckton's P1- 
onecr Museum, of which he & presictent 

1 lot of this stutt will vo to the museum 24 
Ag | & theres room.” he « il. Toy ine an ole 
tire bell from a chor. “See this newspapers 
ve been rearing about Benjamin Holt. He 
Wis 2 ombine builder here at Loe turn of thi 
century. Farmers came to him because then 
equipment was sinking in the peat 

He tried all kinds of outlandish salutiorns, 
Including 2 wide-wheelecl steam tractor that 
stretched 44: feet aero hen he iuvvented 
tractor that ti | itso n track. Dhat was m 
904 Ale called them “Caterpillars” because 
Oo the wov they craw ler! 

‘dn 1905 VWonston. Churchill became con 
Vinced that land cdestrover based on the Holt 
(nterpillar-tractor principle could be user 
wunst taerman trench tines: A model was 
Liagalt iti Ba TANG secrecy, lo cover thr TIL 
sion, word went out it was to be a water tank 
Lor Use 

Chher celta innavators. too, have ser 
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their provucts afar, One August dav Dick 
stephens led us throweh wu labyrinth of rivet 
front sheds ot Stockton where hs father, 


ithe core, GE a clustom-vachi MISTness. 


Lael | 


Stenhens Winnine, in 1902. in a tolt where the 
Llemperature stood at LOO B-Peter Coulan- 
iris wis knee 
hshing yueht for hus father, Nicholaos, one of 


Ihe reek shipping titans, in anether shed 
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an &5-loot cruiser for two Venezuelan families 
Wis about to slide cawn the wave 

We wondered at finding Stephens—a name 
ncewn aM ver ntsmen worlithaicle i | 


=. j ‘ : ry = =e = 1 
Larm: town like Stockton, “(ur family farmed 


tow,” Dick saaclk “There weren‘t many bridges 


in the delta, and my father saw the need for 
boats, Produce buvers were the first custom- 
ers. By the 1920's we were building yachts." 

Next to a stately 1920's Stephens yacht of 
teak and brass at the family-owned marina 
on the Steckton channel, we boarded a sleek 
fiberglass patrol boat with Set. Wilbert Vieira, 
a Portuguese-American who heads Sheriff 
Canlis’s four-boat delta patrol. We rode along 
as Sergeant Vieira nosed up beside boats to 
ask to see their registrations and to give 
urgent lectures on boating safety. 

It was a Saturday afternoon, und sailboats 
tacked through phalanxes of speedboats, 
cruisers, and barges. Pleasure-boat operators 
are unlicensed, and there are problems. “It's 
like taking a busy freeway ane saving vou 
cin go dunce on it, skate on it, anything vou 
want.” Sherif! Canlis had said. 

Winter storms add danger. “Old lors off 
levee walls go barreling down the sloughs,” 
he saic. “Ohl crums tear loose from docks and 
come at you like bowling balls." 

We veered aff to Disappointment Slough, 
Witlled by thick tule islands, and on to 
Whiskey Slough, where a few shanty barges 
marked the hideawavs of river recluses. 

“Most of the old-timers are gone,” Vieira 
cael “Alot of them once lived on homemade 
bouts or in tin Shacks up these sloughs. Then 
the delta was «discovered by the pleasure 
boaters, and the solitude disappeared.” 


Too Much Pumping Threstens the Delta 


More worrisome than Inst solitude. how- 
ever, is the growing threat to the delta's 
supply af good water. Fresh water is the del- 
ta's life, Its farms, its bouting, its fishing, its 
commerce—all depend on it. But already mil- 
lions of gullons of water are being pumped 
each year from the deita to arid central and 
southern California. Now many farmers fear 
the Peripheral Canal, a proposed 43-rmile 
diversion that would take Sacramento River 
water southward around the east side of the 
delta for export to the south (map, pages 4 10- 
11). The canal carries both threat and promise 
for farming and fishing. 

Water engineers and attorneys have lined 
up on both sides. At the center of the storm 
& Governor Edmund G. Brown, Jr. whe in 
1975 delaved construction of the canal He 
placed its potential cost at $600,000,000 and 
asked for further sturdy. 


4 40) 


Alreacty harassed by levee breaks, floocling, 
and their disappearing peat lands, delta peo- 
he are understandably edgy at any new men- 
ace. In 1975 a state study describer hundreds 
of miles of substandard levees—some more 
than a century old—and raised the prospect 
of mass flooding. Yet the coast of reinforcing 
all delta levees is estimated at $178,000,000, 
Political support for such funding is in doubt. 

Eugene Begg. a University of California 
soils expert, has studied the delta for more 
than 15 vears. He showed us Bacon Island, 
whose surface has dropped 15 to 20 feet since 
it was first cultivated in 1915, Oxidation of 
peat and blowaway are the causes. Tilling 
the soil aggravates both, 

“Peat is a nonrenewable resource, When 
it's pone, t's gene,” he saic. “The lower these 
islands get in relation to the water, the great- 
et the differential pressure on the levees. 
There's a far greater chance for levee breaks 
than many farmers have faced up to. Some- 
day they may have to stop farming,” 


Residents Defy Flood and Fire 


But academic logic figures without the grit 
of men like Butch Franscioni, the mayor of 
Isleton, who has lived and farmed on Andrus 
Island since 1924. He became -a symbol of 
delta dogeedness during the 1972 food that 
ruined his farm, his home, and his village. As 
waters from the levee break crossed the is- 
land to Lap at the edge of Isleton, he refused 
to issue an evacuation order. 

A-temporary dike was thrown up. When it 
collapsed at 9:40 on the second night. flood- 
waters knocked out Isleton’s water ane 
sewage plants and left Franscioni no choice. 
As wrecked boats slammed through ruined 
pear orchards, he lecl his people off the islane. 

“Tt was 70 years since the last big flood on 
Andrus Island,” he said as he prepared to pre- 
side over a recent weekly council meeting in 
the littl Isleton city hall. “Maybe it'll be 70 
years until the next one.” 

A taut, stooped man of 75, he then sat down 
with his council to plan the future. The only 
Interruption came when the fre alarm sound- 
etl and Ceci] Tomlin left to dispatch the town 
fire track. In a few minutes he dashed back. 

“What was ite” Butch asked. 

“Peat fire.” 

“In the delta,” Butch sighed, “even the 
earth burns.” [| 
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think there is something beautiful the big tune about Holiday Inns! 

gs doing whi nat they are ne to “| know that the Arpencan Express 
foesn’t happe Stoueh there these days. card is always welcome, foo) Like they say 
why I say Holi eae in the ads, | never leave home without i it. au 
you don’t have one there's agaiemmas 
an application i in every room.) 
Needless to say, I'm : 
a big Holiday Inn fan. When Galas 


| you travel as much as Ido, you really 





my room. 
Whee, “it's 2 gat nitaamethitie to do with | sae A lace you can count on after a 
those 152 standards at every on the road. Holiday Inn, 


Holiday Inn” that make sure a pet 
a room that’s clean and comfortable, 

anda good restaurant. And when 
you travel as much as I do, you : 
come to really appreciate and count | 
on Holiday Inn” Every time! That's 





ep on not surprising me.” 








Before they can even tell time, 






family. While one third of all the 
money Metropolitan pays out goes 


they'r e always remind ing you how to beneficiaries. te other pve thords 


quickly it passes. 


lf you're like most parents, you 
Mensure time in outgrow! 
smeakers and tackets. 

Children are a constant 
reminder of the obvious: that 
time walts for no man, or 
WON, if wardrobe, And while 
you and your family are racing 
toward the future, it helps to 
take a moment to consider what 
it mught be like once you arrive. 
That's where Metropolitan Life 
can help 

We think insurance should be 
more than just sacunty for vour 


gees to froma policvAalders. And 
that s maney you can use to help 
pay for your future. 

Take the time to listen when a 
Vietropolitan representative 
calls. We can help desien not 
just an instirance program for 
you, but a secure future. And 
It's never too soon to begin. 

Because your Size-2 will soon 
be Suee-4., 

Then a Size-6. Thena 
size-S. Then 


&2 Metropolitan 


Where the (ulure is now 





One last look’? 


HROUGHOUT INDIA a panorama of-animal 
life is threatened by human competition for 
food and habitat Even in sanctuaries the 
oainted stork (above} must share its nesting 
ground with cattle, and (he endangered greal 
Indian minoceros (upper right) falls prey to 
poachers. To report on India's siruggle to save 
her wildlife, we marshaled ateam of jourmnal- 
lets, including Awstralian oh otographer Seeil- 
BY Breeden (right) and senior stat writer 
dann J. Putman, heir account leacs nis sue 
. SUGE timely reports: are an im- 
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You can expand your holiday 
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horizons. 





Our free adventure kit shows you how. 


Out of town for the holidays. 
The very idea rings with 
promise. Until you think of all 
the travel hassles. 

There are those of us, 
however, who know that 
getting there is half the fim. 

Reecheruft's high-flying 
Duke gives oa full measure of 
nlessure to any holiday trip. 
Beginning the moment you 
step on board. 

Youll have more hours 
to schuss a secret slope. To 
really explore your favorite 
city. To spend in the warm 
company of far-off family or 
friends. To get right down to 
the serious business of 
getting away from it all. 

The Duke will take you 
to every major metropolitan 
airport and thousands more 


that the airlines don't serve, 
Chances are, you'll land very 
near your holiday destination. 

The Beecheruft Duke is a 
limited-praduction arerait. 
lis pressurized, air- 
conditioner] cabin lets you fly 
aver the hirhest mountain 
ranges in a comfortable, living 
room enviroment. Custom 
furnishines reflect your own 
mood taste. 

Heecheraft Duke. The 
best excuse anyone ever had 
to go out of town for the 
holidays. 

dust to pet you started, 
we ve put together an 
updated and expancder 
version of our populiar 
Beechcraft Adventure Kit. 
You'll find tt an informative, 
entertaining suide to 





out-of-the ordinary places and 
events in the U.S. We'd like 
lo send you one free of charre. 
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1, OOPS 


Hut we do bee you to wribe to 
Le wn your betterhend instead. 

We ll send your Beecherafi 
Acdwenturé Kit by return mail, 
aheolutely free. Ane] we know 
woul] Like it 

Write to Peech Aircraft 
Lorporation, Dapartment A, 
Wichita, Kansas G72, 

Please include name, 
titiress, accumelion, and tithe 
Also, please = i 
bet us ine 
if you're 
orewdy o 
nibot. 
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ABRAHAM LINCOLN 
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STOUFFER’S WAS EXPENSIVE. 





You know, better than anyone, 
how food prices have risen. So we 
think you'll be pleasantly sur- 
prised when vou take a look at 
Stouffer's prices. 

We make 13 main dishes you 
can have for about a dollar a serv- 
ing, or less. And many more 
that cost about the same as what 
you might be serving now. 

And with Stouffer's, you get a 


fn Pas ee 


SS ee 
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at ~~ r 
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“ss Chili con Came. About Soga 
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HOW TIMES CHANGE. 





lot of delicious choices. Chili con 
Carne, Creamed Chicken, Tuna 
Noodle Casserole, Macaroni and 
Beef, and more. And there's no 
cooking, not even a pan to clean, 

At about a dollar a serving or 
less, you can afford to have 
stouffers any night 
of the week, 

How times change, 


STOUFFER'S, ANYTIME. 





Creamed Chicken. About #4¢, 








“They bring outa beautiful silver service 
and have tea right beside the courts. We e got 


some pointers from Mandy, the pro: 


Peter and Pam Douglas on the Douglas’ first visit to Bermuda. 





ee ee 
oe So 


“Tennis is a beautiful way to explore Bermuda. 
To play not only on good courts but in 
beautiful spots. On a hill overlooking 

the harbor, or beside a lagoon." 


“It’s another nice way to be outside at night. 
The nights are beautiful. The air is so soft.’ 


Bermuda 
Unspoiled. Unhurried. Uncommon. 


See wat tree! pap wreie Geert, Dost: 33%: 
530 Filth Avernum, AYA M00) or 1 Statier (fine Gide: Boston, Masa 27116 


Bermuda has $5 superbly maintained 
courts. You can always find a court 
ora game, Come play a few set= with us 





Blue crab: 
main cog in 

an “immense 
protein factory” 


Chesapeake Bay witermen 
annually harvest millions of 
pounds of the blue erib 
(Callinectes sapidies), The 
succulent crustaceans will be 
steamed, stutied, deviled 
shredded into salads, patted into 
crab cakes, and, in their soft-shell 
stule, caten whole. 

Haymen keep a sharp eye out 
for crabs nbout to shed thei 
exoskeletons. A Tanger [staunel 
packer can spol a peeler by its 
paddichke backiin: “Crab with a 
white cdge to his paddle, he's got 
about uw week to go, Pink rim, he'll 
shed in three days. When they gets 
red in the paddle, they'll shuck 
their shell ma day or 4a.” 
A crap Coming apart at 
the scams is 4 “buster”: 
he'll molt within hours. 


Out of walter, 
the sott-shell 
does not harden 

Che crab reaches 
restauranis packed alive 
im. cold, wet sea grass 

H. L.. Mencken called the bay an 

“immense protem factory.” But 
Indians may have said it first: 
( hesapeake—uccording to sane 
soOurces—neons “preal shelifish 
bay.” and it is that yet. Despite 
the overtishing that depleted the 
Word's fines! muliiral spawning 
beds, the bay still beads the 
COuUnIry In Osler production. 








Clams and ¢trabs abound, To hear 
a Walerman talk, it's a gocw thing 
only two or three crabs survive 
from the mullion or more eggs a 
female carnmes. (Mherwise, “the 
Wold’) be ef up by crabs.” 

Some (a0 avers, branches, 
creeks, and sloughs beanng 
nates such as Crab Alley, Ape 
Hole, and Bullbegger flow into 
Chesapeake Bay. From the mouth 
of the Susquehanna to the Wirginia 
cupes, the bay wishes more than 
ive thansand miles of shoreline. 

Capt. John Smith observed in 
1612: “the waters, Isles, and 
shoales, are full of safe harbours 

for ships ol warre or 
marchindire. for hots 
of all sortes, 

for transportation 

cr fishing.” 










Skipjacks 
and boreyes, 
Bnitish frigates 
and Baltimore clippers, 
submarines and gircraft carners- 
all hove furrowed Chesapeake 
witers. Here tronclads Moanitear 
ond Merrimack tevolutiemzed 
naval Warfare. Today's freighters 
churn north toward Baltimore 
beneath twain spans linking 
Annapolis to the Eastern Shore, 
nnd working sailboats “dridge™ 
the boltlom for oysters just as they 
did a century ago 
The Chesapeake Bay waterman 
is bul one of the unique people 








readers meet in the wide-ranging 
pages of NATIONAL GEOGRAPHIC 


In an inde pendent survey of high schoo! 
and college netr: ictors, fifty per cent agreed: 


STUDENTS WHO TYPE USUALLY 
CEIVE BETTER GRADES. 
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‘live the American adventure 
“in National Geographic’ 
igvest best-seller... 


Here is a Keepsake Bicen 
tennial book as personal as 
your own family picture 
albuim—a volume that 
comes alive through 
the experiences of or 
dinary Americans 
during the past two 
centuries. Twice 
the page-space of 

a standard Geo 
graphic book, it 
contains 654 
illustrations 
yet sells for 


just $14.55, 
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NATIONAL GEOGRAPHIC SOCIETY | 








Washington, D.C. 20036 | 
| Yes, please send me acopy of WE AMERICANS: Bill me fist | 
| Sta oh at frne a Siirprmenit, plus postage ard handling. if not | 
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| Prestunis New H44 Pape Fully Uustrated (Catalog of 


Ship Models as 


and we es Nautical 


Ideas for the Home. 


Yoo could shes for moore 
and nerer Fred che boodres 
if decorate mautical whee 
iwerrgied in Preston's ocw 
stalog- [44 pages teeming 
with ships inmdiels, eerie Paine: 
Lig. Hionlee ical Laie ote d ocli ick. 
sina wheels, fee irehwatts ii ores 
of othet nautical lddees for the Home 
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National Geographic File 
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Change of Address? 


Please print your new address below: 
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| | 
And attach the address labelfrom your , 
| National Geographic Magazine wrapper be- 
| low, so your records tan Be updated Six | 
| weeks advance notice should be given 
| | 
| 
| | 
| | 
| | 
| 
| | 
| | 


Paste Label Hare 


Clio this-entire form and mail to: 
NATIONAL GEOGRAPHIC SOCIETY 
WASHINGTON, 0.C. 20036 
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Enjoy Hawaii in 
} ‘the lap of 
Sheratons luxury. 





Luxury in paradise m the splendor of 
Sheraton Hotels, Great places like the 
Royal Hawaiian, Sheraton Waikiki. 
Surfrider, Moana, and Princess Kaiuluni, 
all-in Waikiki. Prices start at S8Y pet 
persondouble occupancy, for a b-mght 
sta 

Our vacations offer Sheraton’s luxury on 
Qahu only, on (ahu and Maui, or on the 
three islands of Oahu. Maui and Kauai. 

We also offer a fourssland vacuo, 
WHErE WOU @et Ihe MxAUry of the Warakes 
Village and Kona Surt on the Big [stan of 
Hawa 

And where does all that luxury begin? 

In the friendly skies, with Royal Hawaiian 
Service. Polynesian food, exotic drinks, 
Hawaiian stewards... ill the atmosphere 
of the Islands, 
Liniteds luxury vacations Cost 
alittle more, but-you gel so 
much more, Send for our 
free “Luxury | 
5 a \ in Paradise” | 
) A brochure 
SS Se) SCCM 
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Our little corner of the world. 


/| 





i i SEE 


UNITED AIRLINES | 


= 


NeXOSnsive not ci 
Tt ye | Corollas are Guilt w 
#OuLO! 10 Tovota Cars sold 


since 1958 are siill an the re 


You asked far dt Yeu ot i! 


i, Quality iT durability and how a car handles the road. 
AT @etisted front dist brakes hats yeu erimintgir 
Pair Tf Phas SS Strut (oink sry P 


- \ rT Te 
ap: The new generation at 


ih quality, The oroot? 


a AT AT youl Gpac 
‘alt at i 


rh Fur 
pei lilla) 
Sore 


= FE Fab 


PT Cae) "I ecilr i 
a Small Car Wha does nein eh 


a she ttih | Means all] Li pee = Threat = “FI 


al i 
a 


+ 
1 - | 


Pre se alent i 
tal Bi = = 
a1 fe 


Toyota's quality ts in a 


ninis country Hs FSS OATES Py) (TRIPE 


a0 Teeth ve 
r daw Wc iiy j 


es | 


| I 1g. F Poe | beH rs a =o 
Fala) = " 


Thre, PUES See: et oat 
wee © 


a i 
x po ns 


tune Sorkin, 5-loor Wagon, Tae —, rm 
Of (hat Pearl Pir ie “ey lit 
Amo Were 3 4.50 


a at, (ScD fii sei, 
2 Sooty sequin ine 5 ese! of SS Harinng 


viol oy 
Sririr iL rhe e! i] = 2 habe om 


, Peleg Carcen ba economical. Ths Toycia 
LORI Gate cit CL mihi. | Note: Th ERA 


esis, ‘wiih 5-apeed serene tren 
On Aippaay od Cite Tess EPA 
al em lg 


= Ei io OE 
ERE WHS 


Ein rig 
resyity ane eatin his 


BD aS erly Cheering on our 


cary Cond ion ad Bey lene al fiarea 


THEN Mave baohe an evi yal 


Tht het Gerrit oc! foy cia orc ie 
OU Call Tied Gest ei Giuei ll arin 
ie an at ee sty 1 


Le 





Terme fini 


MAZOLA: THE 
INLY LEADING 
BRAND THATS 
CORN OIL. 
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Behind 
its good looks § 
is quiet 


dependability, 7 | ws 


Do handsomely by 
your slides with this — - 
Kodak Carousel custom H slide projector. 

It’s good-looking so you don’t have to hide it away 
somewhere between shows. 

[t's quiet so it doesn’t interfere with your enjoyment. 

[t's dependable because gravity drops each slide in 
place. It’s easy to use. It has push-button remote 
control, both forward and reverse. Autofocus too, so 
you usually have to focus only the first slide. 

™~ See the custom 840H 

j See (shown) at your photo 
, ne dealer's. It’s less than 
pee 9250. Other Kodak 

Gea Carousel projectors start 
from less than 395. 


Kodak Carousel 


custom H projectors. 
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Iwo of the most valuable 

resources an oil company 
can offer our country are 
experience and technology. 












At Exxon we have 
94 years of both. 











| 
WHO'S REALLY QUALIFIED TO TACKLE AMERICA'S 
ENERGY NEEDS? EXPERIENCED COMPANIES WHO 
CAN TAKE THE TECHNOLOGY THEY'VE DEVELOPED 
IN ONE AREA AND MAKE IT WORK IN ANOTHER. 
EXXON HAS BEEN DOING IT—FOR YEARS. 


The wider tcl s foil lest alfshore cl la meel these new ¢ Hi llerigeess.. . i 
platform —recently bumnehed Exxon scientists and engineers 
in Caltornta. hte fad fo develop few gener 

Exxon has come oF lotiw wit tions of drilling platforms — like 

| amce anime ts frst on well Pack Ihe one Vou see Al the men ie 

inthe IS80°s. That one was on the tallest offshore ol platiorm 
urncl ever bulll—iowerne nearly as 

In [945, we drilled one of high as the Empare State Building 
America’s firs! offshore oi] wells When completed, tt will be capa 
In the Coullol Meas Heol producing ol ate pax in 

bodny, the experience we ocean depths of RA0 fees 
gained from drilling these wetls fomorroew, no one can be cer 
Hd Thos ofothers ts helping tan Where the search for orl will 
Us Carry our scarnch for pas and lene. Rui. we'll be there —with 
GRFC Ta Gee pie and tare cith- CYR MITTS CA Perience Work Tg | FAY ry \ j maa}, | 
Cult woters Lor Wer ee aS. ‘, UF is 

| I\ i / i WAIN i I] | 


forast 


Lsing what we've learned about 

refining oi] to belp turn coal 

inte other formes of energy. 

America has neorlivy half the 
Free Weerld’s coal reserves: Thr 
Ss equal io twice the enerey of all 
the ol inthe Middle East. 
Rient now, EXXOn scientists are 
Wing On Tew wots 
America use more coal by luring 
It ino other TMs OT ener 
synthetic gas and oil, Someday. 
thes svntheta: fuels could help 
supplement our dwindhng sup- 
plies Of natura! gas pnd ol and 
help reduce our dependence on 
foreren ail 

Thus s¥nthetie tues technol 

is 2 new upplication of similar 
technaaegy being used by EXXON 
for refining mh [ts also 4 pied 


example: of how Exsons expen- 





Our experience searching for oil Chee In One ete Tey Afea ts Meine 
and gas is helping us uncover | put to work in another 
usable new deposits of uranium. 

lis not surprising thal FaAaon 
tS in the iran borsiness 

We “peri millwns of diotlars 
gach vear exclornine tor ol and 
gas on acdinnentary rock. And it 
ris] Sah happens HAal Onn are 
tS alec femal in the saree Kime cl 
rock 

loday. EXXON S UTIL mine 
in Wyoming supplics newly 85 
of our country § uranium oside 
ite Basic row tater) uscd to 
nuclear fuel for electric 


fcnchiting plants 


iA 





1 good way to judge a company’s experience is to look ai 
the experience ol the people who work for it. 

SInCe (BSL. Reon has grin trom just a few 
losen workers tf the LS: to nearly 4700) today 
Dunne this time: our peaple have leamed o io 
ghoul Supp ING GMerg’s 

Chey built the world’s first oil tanker, Theirgaso 
line helped get the Wright brothers off the ground 
They developed the first carburetor de-tcer for 
automobiles, the first engine detergent. They in- 
vented butyl rubber, The first multitrade motor oil 
ATM! MOre 

Tidlav, the men and women of Exxon are stil 
WOKING hind to provide more energy for a siren 
AMErcs 


io heip 














We're taking solur energy oul of 
the lab and putting if to work, 


AD CMAN SOA Uevice Ps nde 
powering & mulnoad crossing sie 
nln Creer. Another is rt 
ning a police fads station m 
wontons. Cthers are Prongme 
cduceiionn| television to remele 
Piliees in Atha rd Asian 


Solar power coukd bec lon 


Tmmnorloint part of Amen s tutore 
enerey mix, That's why we're 
COMMING Money ond some ol 


ur best brains to the tusk o 
LUTTIE the SUN Ti @nerey Wir 
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Both true statements. Both consider 
costs, but from different viewpomts 
Which costs more: updating? Or not? 


Mocernizing all our rural roads 
would be 4 sts agpering job. 3.2 million 
miles are involved: 845% of afl US 
roads. Most were built over 4() years 
ago for Model A cars and light farm 
trucks. 30 MPH speeds. Many have 
lanes fess than 12 feet wide. They 
cross 200,008) bridges, many obto- 
lete; go over 38,000 railroad cross 
mes, less than half with warning 
lights. Cast to upgrade these roads? 
The government says 3108 tllon! 
Many people honestly question such 
an expenditure. 


Yet, rural roads—cracked, pot- 
holed, blind-cornere must carry 
our farm crops (oO market. And sup- 
plies to farms: fertilizers, feeds, fuels, 
pesticides, machinery. Bad rural 
roads mcrease food costs by mcreas- 
Ine (ransportahon costs Phey Waste 
time, fuel; take lives. About 25,000 
m i975. Fatal accident rates are 
higher on rural roads. 


What to do? We can make every 
road o superhighway. But we can't 
deny the benefits good roads bring 
to cites and farms. [f America’s farm 
production is to expand, rural trans- 
portation must keep pace. We should 
give ah i] road improvement the pri- 
ority | t deserves 


Caterpillar equipment is used to Duild 
und maintain roads and to power 
trucks. We bebeve good roads are 
essential to an efficient, total trans- 
partation system, 


There are no 
simple solutions, 
Only 
intelligent choices. 


(A CATERPILLAR 
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